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PREFACE TO THE FIRST EDITION 


The present "Text-Book on Practical Physics for Three-year 
Degree Course’ is meant for the Parts I and II examinations of 
B.Sc. Students. Examination of Part I will be held at the end 
of two years while the examination of Part П will be held at the 
end of third year. It completely covers the present syllabus of 
B.Sc. examinations of the different Universities of West Bengal 
(such as Calcutta, North Bengal and Burdwan) as well as of the 
other States of India. The experiments which are not intended 
for the Pass Students of a University are separately mentioned so 
that students may not find difficulty in choosing the experiments 
which they will have to perform. 

The manner of presentations of the subject-matter of the 
book has been made very simple. The procedure and recording 


of the results of ап experiment are arranged in a very systematic 


manner. Oral questions and their answers are given at the end 
of each experiment so that the theoretical side of the experiment 


may be clear to the students. 
In this connection. I must express my indebtedness to Dr. 


D. B. Sinha of Calcutta University, Prof. P. K. Chatterjee of 
Shibpur Engineering College, Prof. B. N. Ghose of Krishnagar 
College, Prof. M. L. Choudhuri of Jalpaiguri College, Profs. 
в. D. Sarkar and С. Ball of St. Xaviers College ; Prof. T. P. 
Chatterjee of Cooch-behar College for their valuable suggestions 
to raise the standard of the book. I am also thankful to Profs. 
S. Rakshit and B. Mukherjee of Vidyasagar College, Profs. N. К. 
Dasgupta and M. Mukherjee of Bangabasi College for their ap- 
preciations of the book. Му colleagues here, viz. Profs. P. Sen; 
s Mukherjee ; S. Das : C. Bose ; S. Ghosh and B. Bhattacharyya 
gave an immense help to me for the greater benefit of students. 
I shall be highly thankful to my colleagues of different colleges 
to have their valuable suggestions to improve the standard of the 


book. 


Asutosh College, К. С. Mazumdar. 
30th Мау, 1961. 


PREFACE TO THE FIFTH EDITION 


In this edition, many changes are made. Some of the 
experiments are re-written and one new experiment is added to 
cover the revised syllabus of different Universities. Many tables 
are modified and some new blocks are added to make the subjects 
explicit to the students. 

In this connection, I must express may gratitude to Prof. 
Sukumar Ghosh of Jhareram Raj College, and Prof. B. Р. 
Bhattacharyya of Nawadip Vidyasagar College, for their valuable 
Suggestions. I am also thankful to my colleagues, Profs, A. 
Bhattacharyya ; А. Ganguli ; N. Mitra; H. Mukherjee and S. 
Banerjee for their helpful suggestions, 


Asutosh College, 
4th October, 1963, K. G. Mazumdar. 


PREFACE TO THE EIGHTH EDITION 


Some modifications are made in this edition. A new experi- 
ment (No. 39) has been added in Part II to Serve the needs 
of the students of other Universities, Some tables are modified 
so that the recording of the results of experiments may be more 
convenient. It is my belief that the book in its present form will 
be much more helpful to the students than before. 


Asutosh College, , 
18th February, 1967. К. С. Mazumdar. 
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PREFACE TO THE NINTH EDITION 


In this edition a minor change is made in experiment 54 of 
Part II, regarding the block and corrections of the &pparatus. 
No other changes are made anywhere. T hope, by this modi- 
fication, the students will not find difficulty in performing the 
experiment 54. 


Asutosh College, 


7th October, 1968. K. G. Mazumdar. 
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CHAPTER I 


INTRODUCTORY 


1. Errors in measurement and the methods of 
minimising them. 

To determine a physical constant in the laboratory, we аге 
to measure various quantities which are connected with that 


physical constant by a formula. Measurements of the quan- 


tities in the formula involve errors which might be (a) Random 


errors, (b) Systematic errors. 

(a) Random evrors.—Random errors might be due to (i) 
small changes in the condition of the experiment, (ii) the 
incorrect judgement of the observer in taking different observa- 


tions. 

Examples: The small change in the null point of an 
electrical experiment is an example of random error. This 
error is caused b$ the change in the condition of the experi- 


ment, due to the heating effect of current and other causes, 


In measuring & length or an angle with the help of a scale 
and pointer, the observer usually makes an error in estimating 
the coincidence of the pointer with the scale reading or in 
assessing the correct position of the pointer when it lies between 
the two consecutive marks of the scale. This error, which is 
due to the incorrect judgement of the observer, is also an 


example of random errors. 

These random errors are distributed on both sides of the 
correct value according to the law of probability. Hence large 
random errors are less probable to occur than small ones. If 
we take a large number of observations of the same quantity 
then it is very likely that the majority of these observations 
will carry small errors which might be positive or negative. 
The error will be positive or negative according as the observed 
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reading is above or below the correct reading. Thus random 
errors can be made minimum by taking the arithmetic mean of the 
large number of observations of the same quantity. This arithmetic 
mean will be very close to the correct result. If one or two 
observed readings differ widely from the rest then they should 
be rejected in finding the mean. 


(b) Systematic errors.— During the course of the perfor- 
mance of an experiment certain sources of error operate 
constantly or systematically making the readings systematically 
greater or smaller than the correct reading. These errors are 
called systematic errors. To eliminate these errors, different 
methods are adopted in different cases. 


(i) In some cases, the errors are determined previously 
and the readings are corrected accordingly. Hence these 
errors become ineffective in contributing any error to the 
final result. 


The zero error in micrometer screw and slide callipers, the 
index error in optical bench, the end error in metre bridge, and 
in fact, all instrumental errors belong to this category. 

(ii) Again in some cases the error is allowod to occur and 
finally it is eliminated with the help of the data obtained during 
the experiment. 

Thus during the determination of the specific heat of a 
solid or of a liquid by the method of mixture, the loss of heat 
by radiation is allowed to occur and finally this loss is corrected 


for, from the record of the temperature of the calorimeter at 


different times. 

(iii) There are also cases in which the errors are eliminated 
by repeating the experiment under different conditions. 

Thus in the determination of the velocity of sound in moist 
air by resonance column method, the error due to the end 
effect is eliminated by noting the lengths of the resonant column 
of air, when resonance occurs between the fork and the funda- 
mental tone and first overtone of the air column. 
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2. Limit of accuracy. 

Before an experiment is undertaken, the expected maximum 
error can be calculated and this maximum error so calculated, 
determines the expected limit of accuracy. 


Suppose we are going to measure the value of a physical 
quantity w by the observations of the three quantities x, y and z 
whose true values are related to 1 by the equation, 


ei eats A s 2m) 

Let the expected small errors in the measurement of the 
quantities, v, y and z be respectively 8a, X 8y and +22, so that 
the error in w, by the use of these observed quantities, is +80. 


4 à ; Aah) е ү 
The proportional or relative error in wù 1s En &nd this will be 


maximum when the individual errors have their maximum 
expected values and all conspire in the same sense, ze. when 
the actual errors are, +62, +Syand —8z. By the help of 
logarithmic differentiation we get from the equation (1), 
(=) UP оеро. .. (9) 
а | max. x y А 

Thus the rule to find the maximum proportional error in the 
value of ш can be derived from the relation (2) and can be stated 
as follows : 

Multiply the proportional error of each factor (viz. т, y, г) by 
the numerical value of the power to which each factor is raised 
and then add all the terms so obtained. 


The sum thus obtained will give the proportional error in 
the result of и. When the proportional error of a quantity is 
multiplied by 100 we get the percentage error of that quantity. 
Thus it is evident from the equation (2) that а small error in 
the measurement of the quantity having highest power will 
contribute maximum percentage error in the value of ш. Hence 
the quantity having highest power should be measured. with as 
great precision ав possible. 
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Examples: (a) In the determination of the rigidity (n) 
of a wire of length l and radius r, we have the formula, 
n= 30000, (ж) ‚б< 


Th i$ 

The least length which can be measured by а micrometer 
screw is '01 mm. Suppose there is an error of 01 mm. in the 
measurement of the radius (r) of the wire. The value obtained 
for radius is say ‘50 mm. Hence the percentage error in the 
determination of 7 is LE 100= 2%. Its contribution to the 
measurement of the rigidity (л) of the wire is thus 8%. Thus 
the radius of the wire should be measured with great precision. 

(b) Inthe determination of the resistance R of a wire by 
employing a metre bridge, suppose we get the null point at a 
distance 2 from the left end of the metre bridge wire of total 
length l. If the unknown resistance E is placed in the left 
gap, while the known resistance P is inserted in the right gap, 
then by the Wheatstone bridge principle we have, 


R=P А. EXC 
. l-g 
Taking logarithmic differentiation of eqn. (4) we get, 
8E Br, 0r 
B ш i-e 
ôR lès 
= eu e (9 
R 201-2) ( 


Proportional error in E (viz. 22) will be minimum when 


oie) is maximum, i.e. when the differential co-efficient of 
д(1— æ) is zero. This will happen when 2=1/2. Thus, error in 
measuring E will be minimum when the balance point is 


obtained at the middle of the wire. 
(с) By using а deflection magnetometer we can find 


x, from the relation, 


Ш 07 ац i Ы, 
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Where, M = magnetic moment of the deflecting magnet, 
H=earth’s horizontal intensity, 2 
d=distance between the centres of the  de- 

flecting magnet and the magnetic needle, 
0 — deflection of the needle, 
1= half the length of the deflecting magnet. 

When 1 is small in comparison with d, equation (6) may be 

written as, 


_M_ d? аһ 
HT mque x v) 
ёи _ ôd 68 
UN ed ve eS 5 оа 
8s y oa aan 20 el (8) 


Thus the error 3y in the measurement of y ie. of M/H will 
bo minimum when d is made large and 0 is kept at 45°, 
Again by using vibration magnetometer we can find MH 


{тош the relation, 
MH= 


2 
a I. su ©) 
Where, I- moment of inertia of the deflecting magnet, 
T-period of oscillation of the magnet in 
the earth's horizontal field. 
If MH be taken as equal to z then the maximum propor- 
tional error in c is given by, 


8z BI oT соо fon 100) 


As the period of oscillation T is small, a small error — 8T in 
the measurement of T will cause а large error in v. Hence T 
should be measured very accurately. As J is large, a small 
error +$J inthe measurement of I will not contribute large 
error in the measurement of z, i.e. of MH. 

3. Computation of the result. 

It has been shown before that when a physical quantity w is 
related with the quantities v, y and z by the equation. 


u E of? 277, the maximum proportional error in w is given 


by, 


(=) NUM P 2 a) 
max T y 2 
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From the eqn. (1) the proportional error in x, y and = 
can be calculated and hence that in w can also be found out. 
Thus we see that there is a limit to the accuracy of the value 
of ш obtained from the observed values of т, y and z. Hence 
it is entirely unnecessary to calculate to, and to retain, a large 
number of significant digits in the value of u than what the 
observations merit. So the number of significant digits in the 
value of u should be cut down to such an extent as can be 


claimed to be reliable. 

Example: In order to determine the pressure co-eflicient 
(x) of a gas, the pressure is measured by measuring the diffe- 
rence of mercury levels in the two arms by means of a scale 
which can read up to `1 em. The temperature is measured by 
a thermometer which can read up to '5"C (say). 

Lot us accept the following data : 

Pressure of air at 87°C = P, —94'5 cms. 

» m» » » OC=P,=72'31 cms. (by extrapolation 
from the curve) 

Rise of temperature = 1^0 = 87°. 

ee increase of pressure 
pressure at 0°C x rise of temperature 
2919 Я EI 
= 31x87 003527 per °C 
Maximum expected error in noting the readings of the 
two arms = `9 ош. 


T » » wv » Ро from the curve 
х = ‘5 cm. (say) 
” T » » » the change of tem- 


perature = 1°C (say) 
22°19 
="009614 
» » » measurement of Ро c 
72/31 
="006915 


Proportional error in the change of pressure = 


а s» » Measurement of t= = 01149 
) 


tion (D) Thu 
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As each of the quantities has the first power in the 
formula, 
the proportional error in < = 009014 + 006915 + '01149 = "027419. 
Percentage error in the value of < — 2776. 
Error in the value of <= 702742 x '003597 = '000097 (nearly). 
Thus the result, ‘003527 is reliable up to four places of 
decimals. Hence the result should be recorded up to two 
significant figures as ‘0035. 


4, Probable error. 

Probable error denotes the limits, on either side of the most 
probable value of a quantity, so that there is the even chance 
of the true result lying between these limits. The most probable 
value of a quantity ean be calculated statistically from a very 
large number of observations carrying random errors only. 

For all practical purposes, the probable error is sometimes 
intended to stand for mean deviation or for standard deviation. 
But strictly speaking, it has a meaning different from either. 

If a, vac tn be the values of n different observa- 
tions of the same quantity u, then their arithmetic mean 2% 
may be taken as the nearest approach to the correct value of 
u. We are now to find the limits within which the errors of 
u may lie. Deviations of individual observations are given 
by, @:= (21 - m), da —(vr,—m)....- dn=(a,—m). If d be the 
arithmetic mean of the numerical values of these deviations 
then d will represent the mean error and for all practical 
purposes, We may write, ` 

u=m+Łd. 

Sometimes instead of taking the arithmetic mean of the 
1 values of these deviations, the root mean square of 
в are found out which is called standard devia- 
s the value of the standard deviation is given 


numerica 
these deviation 


by, a —_ 
dard ti tdn | Ха? 
DEN cr үз кее Л ш EO | 


w=m'tD. 
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The probable error can be shown to be approximately 
equal to 


Hence the result may be written as, 


u=m+0. 


Example: Suppose in the measurement of the E.M.F. (E) 
of a cell by potentiometer we get different values of the E.M.F. 
From these different values, deviations, mean deviation, standard 
deviation, and probable error are calculated which are shown in 
the table below : 


Standard Probable 
deviation error 


GNE ga 2D. 
n 


Deviation 


8. Drawing of graphs. 


The following procedure should be adopted in drawing a 
graph : 


(i) Representation of the variables along the axes :— 


When the two variables, connected with each other by a 
formula, are to be plotted on a graph paper, the independent 
variable should be plotted along the x-axis while the dependent 
variable should be plotted along the y-axis. That variable which 
always changes with the change of another variable, is called 
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dependent variable while the latter variable is called indepen- 
dent variable. The variable plotted along an axis should be 
written by the side of that axis. 


Examples: (a) In (u-v) graph, the image distance v 
always changes with the change of the object distance t. 
Hence w is the independent variable while v is the dependent 


variable. 


(b) In (P- T) graph, the pressure P of a gas always changes 
ав the temperature T changes when the volume is kept constant. 
Thus, temperature is the independent variable while pressure 


is the dependent variable. 


(ii) Marking of origin : Minimum values of the data of 
the two variables should be first selected. Then the round 
numbers smaller than those minimum values should be taken as 
origins for the two variables. The values of the origins of the 


two variables may not necessarily be equal. 


The data connecting the object distance ш and 


Example : 
8 follows : 


image distance v of & convex lens are & 


Lu e oum eeu mn | 
u in cm 28:4 | 216 | 195 16 


———— —— ———— 


v in cm. 125 | 16 |175 | 216 


Here the minimum values of u and v are 16 cms, and 12'5 


ems. respectively. Hence the values of the origins for w and v 


should be 15 and 10 cms. respectively. 

(iii) Selection of units along axes :—First the round 
numbers greater than the maximum data of the two variables 
should be determined. Then the difference between this 


maximum round number and the value of the origin selected 
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along an axis, should be divided by the number of smallest 
divisions available along that particular axis of the graph 
paper. The quotient will give the value of a smallest division 
along this axis. The number of smallest divisions along the 
axis should be so chosen (not necessarily the total number of 
divisions available) that the quotient becomes a simple number 
as far as possible. 

(iv) Marking of data along the axes :—After marking 
origins, figures are to be put after each large divisions of the 
graph paper (i.e. after 10 small divisions) from which the value 
of а small division can be found out (mentioning the value of a 


small division is unnecessary). 


(v) Plotting :—Each pair of the variable is then to be 
plotted and the point should be marked by a small cross or by 
a small dot surrounded by a light circle (co-ordinates of the 
point need not be written by the side of the point unless it is 
required for quick inspection). 


(vi) Joining of points to have the curve :—The marked 
points should then be joined by a fine medium pencil to have 
a continuous curve (not broken curve) In drawing such a 
continuous curve, one or two points far away from the curve, 
may be rejected. Large deviations of these points from the 
curve indicate that these points are incorrectly recorded. 
The curve should be drawn in such a way that it passes 
through the majority of points and the other points are evenly 
distributed on both sides of the curve. In the case of a 
straight line graph, the line should be drawn with the help 
of a scale so that it passes through the majority of points and 
other points are evenly distributed on both sides of the 
straight line. 

(vii) Finding the value from the graph :—If a particular 
value of the abscissa (or ordinate) be given, then the corres- 
ponding value of the ordinate (or abseissa) сап be determined 
from the graph. From the given point of the abscissa (or 
ordinate), whose value is given, an ordinate (or abscissa) 
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is to be drawn to cut the curve at a point. From this point 
of the curve a horizontal line (or vertical line) is to be drawn 
to cut the y-axis (or z-axis) at a point. The value of the 
y-axis (or a-axis) corresponding to this cutting point, gives 
the value of the ordinate (or abscissa), the value of whose 
abscissa (or ordinate) is given. 


Illustrative graph :—To illustrate the above points in 


drawing a graph, the following data connecting the frequency 


nding length of a given string, stretched by a cons- 
The graph is shown in Fig. 1. 


and correspo 
tant load, are taken. 


250 
15 19 25 27 zi 35 39 


LENGTH IN ст —= 


Fig. 1 


Frequency (n). 256 | 320 Е 384 


Length in cm. (0) 344 | 271 | 256 | 228 | 205 
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(i) Here the variation of the length І of a string will 
cause а variation of its frequency т: Hence lis the indepen- 
dent variable which is plotted along a-axis while n is the 
dependent variable which is plotted along y-axis. 

(i) The minimum data regarding 1 and n are respectively 
17'2 cms. and 256. The corresponding round numbers smaller 
than those are 15 cms. and 250 which are taken as origins for 1 
and n respectively. 

(iii) The maximum data regarding l and n are respectively 
34°4 cms. and 512. The corresponding round numbers greater 
than those are respectively 35 cms. (for 1) and 520 (for n). The 
difference between the maximum and minimum round numbers 
along the z-axis is (35 — 15)— 20 and the number of large di- 
visions available along this axis is 6. If we take only 5 divisions 
(whieh is convenient), then the value of each large division 
becomes 4 ems, while the value of a small division is `4 cm. 

The difference between the maximum and minimum round 
numbers along y-axis is (520— 250) = 270 and when this is 
divided by the available number of large divisions along this 
axis, viz., 5, the value of each large division becomes 54 and 
the value of each small division becomes 5'4. Instead of taking 
5'4 as the value of each small division, we take it as 5'5 for 
convenience of plotting, so that the maximum round number 
along y-axis now becomes 525 instead of 520. 

(iv) After marking the origins of 1 and n which are 
respectively 15 cms. and 250, values are put after éach large 
division (7.e. after 10 small divisions). 

(v) Each pair of data are plotted and the points are "E 
by а dot surrounded by a small circle. 

(vi) The points are then joined. to have & smooth and 
continuous curve. In drawing such a curve the point (344,256), 
which is slightly away from the curve is ignored for it is evident 
that this point was not correctly recorded. 

(vii) The unknown frequency X, corresponding to length 
18'2 cms. is found out from the graph by drawing a vertical line 
from 18'2 until it cuts the curve at P. From P a horizontal line 


INTRODUCTORY 18 


is drawn to cut the y-axis at ©. The value of y-axis corres- 
ponding to Q is 478'3 which is the frequency corresponding to 
length 18'2,cms. The actual value is however 480. 


6. Recording of experiments in a note book. 

The following procedure should be adopted in writing an 
experiment in the note book :— 

(i) The heading of the experiment should be written in block 
capitals and its language should clearly indicate the quantity 
to be measured. 

(ii) А short description of the apparatus should be given. 
Then theory and procedure of experiment should be written 
down. A neat sketch of the apparatus employed or conneotions: 
of the apparatus should be given on the left-hand page with а 
fine medium pencil. 

(iii) Alldata should be recorded in the order in which 
they are taken and in tabular form wherever possible. 

(iv) By putting the data in proper units in the formula, the 
result should be calculated. Calculations will have to be shown 
on the left-hand page and log-table should be employed for this 


purpose. Proper unit must be given by the side of the result 


calculated, 
(v) Lastly, the precaution necessary to arrive at the correct 


result should be stated. 


Fxrension 


SERVICE. 


mee 
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7. Uses of, (a) Diagonal Scale and (b) Vernier 
Scale. 

(a) Diagonal Scale. 

Diagonal Scale is a device in which the measurement of 
length can be extended up to 1/100&h of an inch or centimetre 
without any further subdivision of the smallest division of 
the main scale. 

Construction: To construct such а scale, an extra 
division of the scale, either an inch or a centimetre, is to be 
taken at the left end of the zero line of the scale. In the 
Fig. 9, а scale graduated in inches is shown and the extra 
division (РОД) taken is an inch. The top side QP as well as 
the bottom side RS of this extra division, are divided into 10 
equal parts by points, which are marked from 0 (at the points Q 
and R of the lines QP and RS respectively of this extra division) 
to 10 (at the points P and S of the lines QP and RS respectively 
of this extra division) by steps of 2 divisions. The vertical side 


О C 

* * 

5 4 

LAM 
4 
E 
Fig. 2(a) Fig.2 

SP of this extra division is also divided into 10 equal parts by 
point S) 


points which are numbered from 0 (at the bottom 


во 10 (at the top point P) by steps of 2 divisions. From these 
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points of the vertical side SP of the extra division, horizontal 
lines are drawn which are parallel to the length SRBB, of the 
scale. Now diagonallines are drawn by joining the points, 
0;59 у. 9 on the bottom side RS to the points, 1, 2, 8,......10 
on the top side QP respectively of the extra division. Thus the 
construction of the diagonal scale, at the extra division taken at 
the left side of the O-line of the scale, is now complete. 

Use: Suppose the length to be measured lies betweeen 1 
and 2 inches. A divider is taken and its two arms are gradually 
opened until the pointed ends of these two arms just touch the 
two extreme ends of given length. Now one pointed end of 
the divider is put in contact with the point B of the AB line 
(1 inch line) and it is moved towards the side PQ of the extra 
division so that tha end of the divider in contact with В, always 
moves over the line BA. This movement of the divider towards 
PQ should be continued until the other end of the divider just 
comes in touch with the point of intersection of a horizontal line 
and a diagonal line. In Fig. 2, the other end of the divider comes 
in touch with the point of intersection of the 7th horizontal line 
and the diagonal line formed by joining the points 4 (on RS) 
and 5 (on PQ). The required length would be 1°47 inches. 


Proof: Suppose FC is the vertical line joining the points 
4 and 4 on SZ and PQ respectively while FD is the diagonal 
line formed by joining the points 4 (on RS) and 5 (on РО) as is 
separately shown in Fig. 2(a). MZ is the extra length beyond 
the (4—4) line (which represents 1'4 inches) which is to be 
added to 1'4 inches to get the correct length, From similar 
triangles, FOD and FML, 


ML FM FO 


CD FO FO 
ч. ML-UDPXOD-UDX'O1—707 inches [^5 OD-'1 inch 1. 
The required length (as given in the Fig. 2)=1°47 inches. 
(b) Vernier Scale. 
This is a device (invented by P. Vernier in 1631) by which 
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a very small length, even smaller than the smallest division of 
the main scale, can be measured very accurately. 


Construction: For this purpose a small auxiliary scale 
(VV), known as the vernier scale, is taken which can slide along- 
side the main scale (SS) [Figs. 3 and 4]. Usually, a division of 
the vernier scale is slightly smaller than the smallest division of 
the main scale but in some cases a division of the vernier scale 
is slightly greater than the smallest division of the main scale 
(which is now practically obsolete). The length of the gap 
between & vernier division and the smallest division of the 
main scale is called vernier constant or least count of the 


vernier. : 
Principle: Let us take the case in which а vernier 
division is slightly smaller than the smallest division of the 
main scale. Suppose т divisions of the vernier scale become 
equal to (n. — 1) smallest divisions of the main scale. Hence one 
vernier division will be equal to (n-1)/n smallest divisions of 
the main scale. Thus from the meaning of the vernier constant 
we may write, vernier constant (v.c.)=1 scale division (s.d.) - 1 
vernier division (v.d.). : 

or, 0.0. =1 Ce gd ers sid. (1) 

n т 

Thus by making » large, we can measure a small fraction 
(=1/n) of the length representing one smallest division of the 
scale. As for example, if one scale division is 1/2 mm. and n 
is 50, then we can measure up to 1/100th mm. accurately. 


Types of vernier: There are two distinct types of 
verniers which are in common use. The straight vernier 
(Fig. 3) is employed for the measurement of length only while 
circular vernier (Fig. 4) is employed to measure angles in 
minutes and seconds. 

Straight vernier.—Straignt verniers which we usually 
meet in different instruments in the laboratory, bear different 
r of divisions in the vernier scale attached to different 


numbe 
But in all cases n vernier divisions (the value of 


instruments. 
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n is usually 10, or 20, or 50) coincide with (n—1) divisions 
of the scale (ie. 9 or 19 or 49 divisions of &he scale). Each 
smallest division of the scale may be either 1 mm. or шш. 
We shall now discuss the values of vernier constants (v.c.) for 
those types of verniers which we usually come across in the 
laboratory. 

(i) In slide callipers, and in the vernier apparatus for 
finding Young's modulus, the number (1) of vernier divisions 
is 10 while each smallest scale division (s.d.) is 1 mm. [Fig. 3]. 
Hence from the relation (1) we see that v.c. =la =5 x1 mm. 
='1 mm.="01 om. 


VERNIER CONSTANT = 1/10 S.D. 
V 


S S.D 21/10 UNIT OF LENGTH 5 
9 Fig.3 


(ii) In the verniers of barometer, and some travelling 
microscopes, the number (п) of vernier division is 20 while the 
value of each smallest scale division (s.d.)is1 mm. Hence 


from the relation (1) we see that, 


Jo ЫК = 1 em, = 005 om. 
v.c. = 584. apod mm. = 999 em 


(iii) Again in some other accurate travelling microscopes, 
the number (n) of the vernier divisions is 50 while each smallest 


scale division (s.d.) is 1/2 mm. Нерсе, we may write, 


l.51.lgm -—L em.-7001 em. 
v.c, = 78.0. 5) x gmm- 1000 °™ сщ 


Thus by this vernier, we сап measure а length accurately up to 


1/100 mm. 
2 
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Circular vernier.—One type of circular vernier (as is 
employed in spectrometer) is shown in Fig. 4. Here 30 
divisions of the vernier become equal to 929 divisions of the 

4 : 3 A 
VERNIER CONSTANT = 1 МІХ 


MA, 2 
IN SCALE Division = 1/2 DEGREE 


Fig. 4 

main scale the value of each of which is 1/2 degree. Here, 
n= 30 and the value of a scale division is 1/2 degree. Hence the 
vernier constant is (1/30) х (1/2) degree i.e. 1/60th of a degree. 
Thus by this vernier we can measure an angle up to 1 minute. 

8. Measurement of the diameter of a wire by 
screw gauge and hence to find its density. 

Description: It consists of a U-shaped piece of solid steel 
P, one arm of which carries a fixed stud with a plane face at A 
while the other arm carries a hollow cylinder C having a 
reference line S by the side of which a straight scale, graduated 
in mm. is marked. An accurate screw provided with a 
cylindrical cap 2 moves inside the cylinder C (Fig. 5). 


Fig.5 
The bevelled edge M of the cylindrical cap Г is usually divided 
into 50 (or, 100) equal parts. The linear distance by which the 
screw moves during its one complete revolution, is called the 
pitch of the screw. The pitch of the screw is usually $ mm. 
The smallest distance which can be measured by 


(or, 1 mm.). 
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this screw is 1/(2x50)—'01 mm. (or, 1/100  '01 mm.) and this 
is called the least count of the instrument. - 

The front head В of the screw is also perfectly plane. 
Usually, when the faces of the fixed and movable studs touch 
each other, the zeros of the linear and circular scales coincide. 
If they do not, then instrumental error comes in, which may be 
positive or negative according as the reading of the circular 
scale with respect to the reference line, is on the positive or 
negative side of its zero line. The number of circular scale divi- 
sions by which the instrumental error occurs, should be multi- 
plied by the least count and this value should be subtracted 
from, or added to, the final mean value according as the initial 
circular scale reading.(when there is no gap between the studs 
A and B) is on the positive or negative side of its zero line. 

Theory: (i) For screw gauge :—A screw has both linear 
and rotatory movement. If the screw moves linearly by р mm. 
during its one complete rotation then p mm, is called the pitch 
of the screw. If there are N divisions in the circular head of 
the screw, then the smallest distance by which the screw will 
move linearly for one division rotation of the circular head is 
DÍN mm. which is called least count (1.с.) of the instrument. 
If the readings of the linear and circular scales are respectively 
m and n then the length of the gap between the fixed stud (A) and 
movable stud (B) would be, d=m +n х (p/N)=m +n x (lc.). (1) 

(ii) For density measurement :—If d mm. be the diameter of 
‚ the wire (as measured by screw gauge), J cm. be its length (as 
measured by a scale) and m gms. be the mass (as measured by а 
balance), then the mass of the wire is given by, mass = cross- 
section X length х density. 


=1 zy хІх 
оао e 
Hence the density (o) of the material of the wire is given by, 
=——™ ___ gms./o.c. 255 09) 


р 
yA) xi 
4\10 
Procedure: (i) First, the pitch of the screw and least 
count of the instrument are determined. Then the movable 
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stud is made to touch the fixed stud and the reading of the circu- 
lar scale is taken with respect to reference line, to find the instru- 
mental error (e), if any. The instrumental error (е) would be 
marked positive or negative according as the reading of circular 
scale with respect to the horizontal reference line of the linear 
scale, is on the positive side or negative side of its zero-mark. 

(ii) The diameter of the wire is measured at various places 
to avoid the error arising out of the non-uniformity of the wire. 

(iii) At each place, the diameter is measured in two direc- 
tions at right angles to each other to avoid the error which may 
arise due to the wire not being circular in cross-section, 

(iv) The mean of these diameters is corrected for instru- 


mental error. 


Experimental data : 

(A) Determination of cross-section of the wire :— 
Smallest division of the linear scale = =+ mm. 
Pitch of the screw СЄ =р= mm. 
No. of divisions of the circular scale = N= 

p 


Least count (l.c.) we =P= mm. 


Instrumental error (e)=...divisions (Wegative or positive) 
= ...mm. (negative or positive) 
N.B. [The instrumental error (e) with its sign is to be sub- 
tracted from the final result.] 


Diameter in one | Diameter in Perp.| Ё ed : 
^ direction direction B. |gs 5 B 
d E. es| |© Bez 
cl prm zip ОТК a 4. ВЕ g 
51.6 |21555) 2 Sass , 2| Bi. [ele as go | 
„|| ©х|® a~ zox dsm [2-8/8 ВУ i 
aes d9xBBsm Qd RMPCBEOCTA [Bele se) SSS 
ав овет ЧЕ leg cigs i) s Ogle о чта 
elog ga” + 5 {оа 5А" WS Ее | 
К =| - x 2| = 1 


н 
} 
ds 


etc etc. | etc. etc. 


— o 


J 
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(B) Determination of the length (1) of the wire :— 


= 2 ....сош, 


(C) Determination of the mass (m) of the wire : 


m= sqm + gmt emg + т Sg. 


Calculation : 
«Density ees mass — mass 
volume cross-section X length 
or, База. m =- gms. c. 
1100, 


Precaution: Usually а screw misfits into the nut in which 
it moves, This misfit increases with the use of the instrument. 
Due to this misfit, the axial motion of the screw does not occur 
for a certain angle of rotation of its head when the direction of 
the rotation of the head is reversed. This lag between the 
linear and circular motion of the screw is called back-lash 
error. To avoid this error, the screw should always be turned 
dn the same direction when taking the readings. 

9. Use of a spherometer (a) to find the radius of 
curvature of a spherical surface, (b) to measure the 


thickness of a plate. 
(a) To find the radius of curvature of a spherical surface. 


Description : The usual form of spherometer is shown in 
Fig. 6. It consists of a three- 
legged metal frame having а 
nut N atthe centre. The ends 
of the legs are on the vertices 
of an equilateral triangle. A 
fine screw S passes through 
the nut N at the centre and its 
threads are accurately cut so 
that the pitch ofthe screw, 4.2., 
the linear shift of the screw 
for one complete rotation of 
its head, is either $ mm. or 1 
A circular dise D is fixed 


Fig.6 


mm. 
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_to the head of the screw and the rim of this disc is usually 
divided into 100 equal parts. Thus the smallest distance which 
can be measured by this instrument, viz , the least count of the 
instrument is 1/(2 х 100)— 1/900 mm. or 1/100 mm. A linear 
vertical scale L graduated in mm. is kept fixed by the side of the 
circular scale on the disc. The disc can be rotated by turning 
the milled head M. 

Theory: (i) For spherometer :—If the central screw of 
spherometer moves linearly by p mm. during one complete 
rotation of the circular disc (having N equal divisions on the 
rim of the disc) attached to the head of the screw then the 
smallest linear distance which can be measured by spherometer 
is p/N mm. which is called the least count (l.c. of the instru- 
ment while p mm. is called the pitch of the screw. Let the 
screw touch consecutively the test surface (which may be plane 
or spherical) and base plate (which is always plane), If for 
this purpose, the circular disc at the head of the screw is given 
m complete rotations and also an extra т divisions of the 
circular scale then the displacement of the screw is given by, 

h=(mN +n) x (L.e) mm. i at} (1) 

(ii) For radius of curvature measurement :—lí h be the 
displacement of the screw when it touches consecutively the 
given spherical surface and a plane surface and d be the mean 
distance between any two consecutive outer legs of the sphero- 
meter then the radius of curvature of the given spherical surface 
is given by, 

pa 4} m ve SAG) 
6h 2 

Procedure: (¿) The valus of each division of the linear 
scale (=s=either 1 mm. or 1/2 mm.) as well as the number 
of divisions on the circular scale (= XN = usually 100) are 
found out. 

(ii) The pitch (=p) of the screw is next found out from 
which the least count, (l. c.)=p/N is calculated. 

(iii) The ends of three outer legs Li, Le, and Lg (Fig. 6) 
are put on the spherical surface whose radius of curvature is 
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wanted. The disc D of the screw head is then rotated slowly 
in one direction only, until the end P of the screw just touches 
the spherical surface and this can be tested by observing the 
coincidence of the tip P of the screw with its image below the 
surface. The reading E of the circular scale is then noted. 


(iv) The spherometer is then withdrawn and placed on & 
glass plate. The screw-tip of the spherometer is now to be 
lowered or raised to touch the glass plate. The screw-tip will 
be lowered or raised according as the surface employed is 
convex or concave. 

(v) The circular dise of the spherometer is now rotated 
slowly in one direction and at the same time the counting of its 
(circular disc) complete number (m) of rotations is continued 
until the tip of the screw just touches the glass plate. (This 
touching is to be tested by observing the coincidence of the tip 
of the screw with its inverted image formed below the glass 
plate). The final reading (Ra) of the circular scale is noted. 
From the records of the initial and final readings (R4 and Ry 
respectively) of the circular scale, the extra or additional 
number (л) of the circular divisions rotated, over and above the 
m number of complete rotations of the circular disc, are found 
out (rule to find л is given at the foot note marked with 
asterisks). Then the total number of circular scale divisions 
rotated will be, = = (27 +n). 

(vi) The elevation or depression (h) of the spherical surface 
from the plane surface would be h= Х (Lc.. This determina- 


tion of is to be repeated at least thrice and the mean value of 


h is to be taken. 

(vii) The screw is then raised up and the three outer legs 
are pressed on а paper. The consecutive distance between the 
three points so obtained is measured by employing a divider and 
a mm. scale, The mean of these three distances gives the 


value of ‘d’. : : 
(viii) The radius (r) of eurvature of the given spherical 
h 


é а? 
surface is obtained from the relation 7 TUO 
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б Experimental data : 


(A) Determination of the least count (l.c.) :— 

Value of each division of the linear scale s -*«mm. 
No. of divisions on the circular disco = N=... 

Pitch of the screw —p—** mm. 

Least count of the instrument = Lc, = p/N = + — -.- mm, 
ee 4r +... 


Distance between the outer legs=d= 


= + cms. 


(B) Determination of h (here the screw is moved down- 
ward and this downward movement decreases the circular scale 
reading) :— е 

[Numerical figures given in the table are for illustrations only.] 

FT SS mm m 


wm 1 When the screw touches ЕН 

S r Em the plate a T ERN Radius o£ 
No. |9 9.90 Пер Ж |Mean| the 

of |е Ej Add no. 9 ПИК (4) in| surface is 

Obs. э В о. of full) Final | of CS, [5 2/5 B | cm. OR 

o? Ale rotation cir. divisions g Ш Sax 6n*2 

382] ofcir | scale | rotated oats) КЫЫ {л ш 

[erm 3's|disc. (m). | reading] — (n)* Пап 

п 5 52150 

zi Um (Rs) ЕСЕ 

mim b ES 
Ps e MN | i AUN RENE NODIS 


"N.B.(z) If the direction of movement of the screw (downward of 
upward) decreases the circular scale readings, then n=[N—(R,—R;)] « 
when Ry>R, and ne (R,—R,) ; when Р,<Р;. 

(b) If the direction of movement of the screw (downward or upward) 
increases the circular scale readings, then, n - (R, — R,) ; when R47 

n=(N—(R,—Rs)] when (Rs<R;) 


Calculation : 
h 

+- =... fee =ош. 
2 


Precautions: (i) To touch the screw with the surface, it 


(the screw) should be lowered down always in one direction (to | 


avoid backlash error) until the tip of the screw just touches the 
tip of its own image below the surface. 
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(ii) Three different readings should be taken by touching 
the screw to three different points of the surface. 

(b) To measure the thickness of a plate : 

Description of Spherometer :—Same as in the part (a). 

Theory : [write item (i) only ‘for spherometer' in Expt. 
9(а)). 

Procedure: (i) and (ii)—Same as the items (i) and (8) 
of part (a). 

(iii) The test plate (whose thickness is required) is put on a 
base plate (which is simply а plane glass plate) and the sphero- 
meter (whose central leg is already kept raised above the plane 
containing the tips of the three outer legs) is so placed that the 
tip of its raised central leg may remain above the test plate 
while the tips of its three outer legs touch the base plate. The 
disc D of the screw head is rotated clockwise, always slowly and 
in one direction only, until the screw-tip just touches the test 
plate. This touching is to be tested by observing the coincidence 
of the screw-tip wlth its inverted image (if any) formed below 
the surface of the test plate. The reading R4 of the circular 
scale is noted. 

(iv) The test, plate is now removed. The screw-tip of the 
spherometer is now to be lowered down by rotating the circular 
disc D clockwise. 

(v) Same as the operation (v) of part (a). 

(vi) The thickness ¢ of the test plate would then be given 
by, t=ax (Lc). This determination of t should be repeated at 
least for five times by bringing the two surfaces of test plate in 
contact with the base plate alternately. The mean of these ten 


values of ¢ will be thickness of the plate. 


Experimental data : 
(A) Determination of the least count (J.c.) :— 
[Same as in the part (а)] 


rmination of the thickness (0) of the plate :— 
в іш item (В) of the ‘experimental data’ of 
‘W and omit the last column.] 


(B) Dete 
[Make a table a 


part (a), but write ‘t’ for 
Precautions: [Same as in the part (a)]. 
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10. Determination of the thickness of a given 
substance by slide callipers. 

Description : Slide callipers is employed in measuring the 
thickness of a lens, or the length of a rod or the diameter of a 
cylinder. 

It consists of nickel-plated thin steel scale, with a jaw Jı 
fixed at right angle to one end. There is another jaw Ja which 
can be moved over the steel scale S. A vernier scale V is fixed 
on this movable jaw. When jaws Jı and Ja touch each other 
there is no gap between them and the zero of the vernier coin- 
cides with zero of the scale. If the zero of the vernier does 


Fig. 7 

not coincide with the zero of the scale, when the gap between 
the jaws is nil, then an instrumental error will come in. The 
slide callipers is shown in Fig. 7. Ј 

Theory: If т divisions of the vernier scale coincide with 
(n — 1) divisions of the main scale then the value of one vernier 
division (v. d.) is n/(n—1). Hence vernier constant (v. c.) is 
given by, 


it 
а. 0.71 s. 4.-1.а.=(1- +) 8. d. — s. d. 


If for a given gap between the fixed jaw (Jı) and movable jaw (Js) 
the readings of the scale and vernier are respectively S and (v.7.) 
then the length of the gap between the two jaws is given by, 


- т. с) SEHR „© 901) 
i arua ТҮ = (v. ғ.) X (v. с.)] 
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Procedure: (i) The value of the smallest division of the 
main scale as well as the total number of vernier scale divisions 
are noted. Then the number of smallest divisions. of the scale 
which coincide with the total number of vernier divisions are 
found out and from this coincidence the vernier constant, (v.c.) 
i.e. the length of the gap between one smallest division of the 
main scale and that of vernier division is determined. 

(ii) The movable jaw is made to touch the fixed jaw and 
the readings of the main scale and vernier are noted which give 
the zero error of the instrument. 

(iii) The movable jaw is then drawn out and the body 
whose thickness or diameter is required is placed in the gap 
between the two jaws. The movable jaw is then pushed in to 
touch the body and the readings of the scale (S) and vernier 
(v.r. are noted. Value of vernier reading (V)=(v т.) X (v.c.). 

(iv) The readings are repeated for several positions of the 
body and the mean of these readings when corrected for the 
instrumental or-zero-error, if any, gives the required. thickness 


or diameter of the body. 


Experimental data : 
Value of 1 small division of the main scale = 1 mm, 
Total number of Vernier divisions = 10 

10 v.d. =9 s.d. =9 mm. SJ. 1 vd.— 45 mm. 


Vernier constant (v.c.) = (1 s.d. — 1 v.d.) = (1 — 75) mm. = 01 ош. 


Instrumental error = nil. 


Reading in cm., of Mean Corrected 
No. of Vernier reading reading 
Obs. Scale = _ | Total | in cm. in cm. 
(8) [Vries (8+7) 
_ apti 
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11. Balance and its adjustments. 
Description: The complete figure of a balance is shown 
in Fig. 8. 


Fig. 8 
W= Horizontal wooden base-board provided with levelling 
screws Sı and Sa. 
B=Pillar in which a rod R сап be raised or lowered by 


a handle H fixed to the base W. On the top of the rod E, an: 


agate plate is fixed. 

MN=A meta? beam at the middle of which there is an 
agate knife edge Ka fixed with its sharp edge downwards. 
When the beam is free, the sharp edge of Ks, rests on the agate 
plate fixed on E and the weight of the beam passes through Ks, 
as а result the beam remains horizontal. A scale is marked on 
the upper edge of the beam MN so that on both sides of the 
zero mark at the centre there are 10 large divisions. Hach large 
division is again subdivided into 5 or 10 small divisions. 
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D=A centigramme rider, which is kept suspended from a 
hook attached to the rider-carrier rod C. By moving this rod 
the rider can be placed on any mark of the scale. When the 
rider is placed on the mark 1 in the arm ON, then it is equi- 
yalent to the addition of 1 mg. on the pan Pa. As the distance 
between O and 1is subdivided into 5 or 10 small divisions, we 
can increase the weight on each pan by steps of ith or goth 
of a mg. 

R, & Ra=Screw nuts at the two ends of the beam, by 
screwing which in or out, the turning moment on the side of 
the screw nut, can be respectively decreased or increased. 

Kı & К. = Тто other agate knife-edges fixed at the ends 
of the beam with their sharp edges upwards. The distances 
К.К, and К.К, are equal and are known as the arms of the 
beam. 

T. & Т. = Туо stirrups which rest on the knife-edges Кү 
and Ka. The stirrups carry hooks H, and Н, from which 
long rectangular frames F, and Fe, carrying pans P, and Ps 
are respectively suspended. The sum of the weights of the 
stirrup, the rectangular frame and the scale pan on one side: 
is equal to that on the other side. 

P=Pointer fixed to the middle of the beam, The lower 
end of this pointer moves over an ivory scale S graduated from 
0 to 20 from left to right [ Fig. 8ia)]. 

A, & Аз = Аггеѕбогз of 
stirrups Tı and Ta. When 
the beam is lowered, the stir- 
rups are arrested by Ах and 
Ag by which the knife-edges 
K, and Kz are kept free from 


pressure. 
Sa & Sa=Screws fixed to (^) E pnm e 
the frame attached to the 
Fig. 8(a) 


o that the beam can 


pillar 8 
e із поб in use. By this arrangement, 


rest on it when the balanci 
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the knife-edge Ks is kept free from pressure when the rod E 
goes down. 

L & L=Plumb line by which we can judge whether the 
pillar is vertical or not and this can be done by adjusting the 
levelling screws S, and Se at the base. 

The whole thing is enclosed in a glass case provided with 
a glass window which can be opened and closed. The rider 
can be put on any mark of the beam by operating from outside. 


Adjustments: (i) Alldirts from the pan, if any, are to 
be brushed off by a clean cloth. 

(ii) The stirrups supporting the scale pans are to be placed 
jn their proper position, if there be any previous displacement 
of them. 

(iii) The levelling screws at the base should be adjusted 
until the plumb line is vertical. 

(iv) If necessary, one of the screw nuts at the ends of the 
beam should be adjusted until the pointer swings equally on 
both sides of the central line of the ivory scale. 

(v) Body (which should not be too heavy) should be placed 
on the left-hand pan while standard weights from the weight . 
box are to be placed on the right-hand pan (only when the 
beam is kept arrested) until the beam is horizontal. 

Precautions: (i) At each time, the balancing of the beam 
is to be tested by raising the beam a little by the handle and not 
by raising it in full. When the beam is almost balanced, it 
should be raised in full to see whether the pointer swings 
equally on both sides of the central line of the ivory scale. If 
the beam is slightly out of balance, then the rider is to be put 
on the right-hand side of the beam at a proper mark to increase 
the weight on this pan, so that the pointer may swing equally 
on both sides of the central line. 

(ii) Balancing of the beam is to be tested from outside, by 
closing the glass window to avoid air disturbances. 

(iii) А wery:heavy body, or a hot body, or a cold body Ponta 
never be weighed in a physical balance. 
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12. To weigh а body by, (a) Equal-displacement 
method, (b) Oscillation method. 


(a) Weighing by equal displacement method : 


Procedure and Principle: (i) At first the balance should 
be properly adjusted and the screw nuts at the two ends of the 
beam are to be shifted in or out until the pointer, during the 
course of its oscillation about the fulcrum К» (central knife 
edgo), is displaced almost equally on both sides of the central 
line [line numbered 10 in Fig. 8(a)]. 

(i) The body to be weighed is then to be placed on the 
left pan while suitable standard ‘weights’ from the weight box 
are to be placed on the right pan until the pointer again swings 
equally on both sides of the central line. If the lowest ‘weight’ 
available in the box cannot bring this equal displacements 
of the pointer then а centigramme rider should be placed at a 
suitable mark on the beam until the pointer swings equally on 
both sides of the central line of the scale, At this time, the 
weight of the body will be equal to the ‘weights’ placed on the 
right-hand pan. 

When the pointer swings equally on both sides of the 
central line, the*beam of the balance becomes horizontal. 
Consequently, the turning momets of the weights, at the two 
ends of the beam, about the central knife edge Ks (which is 
the fulcrum) will be equal. That is, 


weight of (Pi pan+substance) х left arm=weight of (P, 
рап + weights) x right arm. If the two scale pans P, and P, 
aré of equal weights and if tho two arms are of equal 
lengths, ie. Ks Ку = Ks Ку, then the weight of the body will 
be equal to the ‘weights’ placed on the right pan, In bes 
words, the mass of the body will be equal to the sum ofthe 
masses of the ‘weights’ on the right pan. 

(b) Weighing by oscillation method : 


Principle: When the beam of а balance is made cr Ns 
pointer continues to perform damped simple harmonic motion, 


with diminishing amplitude, for an appreciable time, Hence 
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to save time, the resting point of the pointer should be 
determined by oscillation method. For this purpose, the 
extreme left-hand mark of the scale (over which the pointer 


agane cinan 
H-SE-HEOH-HASEH-Z 
ЕЕЕ ING o IN TS HERE 


Fig. 9 


moves) is to be considered as zero and the successive turning 
points of the pointer, beginning from left, are to be noted from 
the scale for two complete oscillations of the pointer (Fig. 9). 
This gives three readings of the pointer to the left and two 
readings to the right (Fig. 9). The mean of the three readings 
to the left as well the mean of the two readings to the right are 
to be determined separately. The mean of these two means 
will give the resting point of the pointer. 


Let P be the resting point of the pointer for an unloaded 
balance and Q be its resting point when the beam is almost 
palanced with the body on the left-hand pan and weights Wy 
on the right-hand pan. The resting point E of the pointer is 
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again determined with an extra load of value m mg, say (m may 
lie between 10 mg. and 2 mg.) added to the right-hand pan 
either directly from the weight box or by putting a rider on the 
right hand portion of the beam. 


Thus, (Q — R) divisions are the shift of the resting point by 


the addition of m mg. (say). Hence, (Q— P) divisions shift of 
` x Z ОР т 
the resting point will be caused by, Q-R ОБО gms, Therefore 


a -P 
АТ ос аш 
е true weight 0 е росу m Q- R * 1000 


gms. - (1) 


Procedure: (i) The dust particles on the pan, if any, are 
brushed off by a clean cloth. 

(ii) Stirrups are placed in their proper positions and tho 
levelling screws at the base are adjusted until the plumb line is 
vertical. 

(iii) The screw nuts at the-ends of the beam are adjusted 
until the pointer swings almost equally on both sides of the 
contral line of the ivory scale. 

(iv) The resting point of the pointer is determined for an 
unloaded balance and this determination is repeated for three 
times, The mean of these three resting points is found out and 
let this mean value be P. 

(v) Then by placing the body on the left-hand pan and 
suitable weights W1 on the right hand pan, the resting point is 
again determined for three times. Геб the mean value of these 
three resting points be Q. 

(vi) By placing an additional weight of m mg. (here m=10 
mg) on the right hand pan, the resting point of the pointer is 
also determined for three times. Let the mean of these three 
resting points be Ra 

(vii) The true weight (W) of the body is then calculated 
irom the relation (1). 

3 


/ 
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Experimental data : 
{ The numerical figures in the table are for illustrations only J 
The scale reading at the extreme leff is taken as zero. 


Po——————— 


Turing points Меап оё Resting M 
j A ean 
Eo Load on} Load on | '? 8226 div. КОКО resting 
obs. | left Panj right pan | ~ tbrew | two 5 Hu point 
) left | right | left | rieh! SETTE in s.d. 
(nts) | (m3) 
5 
5 14 138 95 
5:5 |8135 
35 
I| Nil 4 16 15:8 97 
4 | 155 i 
45 
5 15 15 
5 | 15 | 
7 | 
7 18 178 
“ 75 175 
Аш cen 
*500 mg.| 9 
п} Body |+50 mg. | 9 | 15 148 122 
—12 55 L ў 0 
(Wi)gms.| 9'5 14:5 
7 
7 17 16:8 
75 165 
4 
4 9 42 |88 
45 | 85 
3 
12:55 gm 
Body [me | 3 | 10 98 66 
3:5 95 =R 
3:5 
35 10 37 |98 
40 | 95 
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Calculation : 


е =P 10 à 19:2—9'7 1 

W-19554 9 0а во 221 ЭЕ 
Q- R 1000 123-66% 100 

| Nec OM ABE Abe S 

| о аа ч 

| 12°55 Bee 100 12'55446 gms 


Precautions: (i) The resting point P should be inter- 
mediate between the resting points Q and E. 

[ For other precautions, See Art. 11. ] 

13. To draw a graph showing the variation of 
sensitivity of a balance with loads. 

Theory : Sensitivity of a balance is measured by the number 
of scalu divisions by which the pointer is deflected when there 
is an excess load of 1 mg on the right pan over that on the 


deft pan. 
Suppose the beam AM'N' of the balance, having its arms 
ОМ'= ON'-a,is deflected by an angle 0 by the addition of an 


excees load of magnitude w mg. on the right pan (Fig. 10), 
It а= РР!) be the linear displacement of the pointer on the 
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circular scale S, then, Ө = 2/1, where lis the length of the poin- 
бег. Let the whole weight of W gms. of the beam [—1000 x W 
mg.] act at its centre of gravity G whose distance from the 
fulcrum О is OG=h. The moment of w about О is wa 
- cos 0 while the moment of W about О is 1000 Wh sin 0. 


For equilibrium of the beam, ү 


Wh 


1000W sin 0 = 0, or, tan 0= - 
sin 10а cos 0, or, tan 10007 
Я а wa 
As 0 l, tanü—0-d/l. Н === 
s 0 is small, tan / ence, 7 TOO 
Sensitivity of the balance = а aUi c о (1) 
ш 10000 


Thus sensitivity can be increased by making the arms long 
(i.e. by making a long) by diminishing the weight W of.the beam 
and by diminishing Л, the distance between the fulcrum О 
and c.g. (G) of the beam. 


Sensitivity of a balance becomes maximum when its three 
knife-edges (K,, K, and Ks) aro in one horizontal straight line, 
Usually the central knife-edge (Ka) remains below the plane of 

two extreme knife- 

edges (Kı and K,) 

[ s and consequently 
| Sensitivity is now 

S less than the maxi- 
B mum value. When 
DN equal loads on each 
DS pan are increased, 

f the beam bends and 

lowers the positions 

‚ О LOAD ON EACH PAN IN GMS. — — of the two extreme 
Fig. 11 knife-edges. As a 
sensitivity increases [Fig. 11]. when the loads on 


> 


SENSIBILITY IN $-D/ MG —+> 


result, 
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the pan are sufficient to lower the plane of the extreme knife- 
edges below the central knife-edge (K,), the sensitivity again 
decreases. The nature of this variation of the sensitivity of the 
balance with increasing loads is shown in Fig. 11, when the 
jnitial position of the central knife-edge is below the plane 
containing the two extreme knife-edges. If initially, Кз 
remains above the plane of K, and Ką, sensitivity would 


decrease with loads. 


Procedure: (i) At first the two pans of the balance are 
kept unloaded and the resting point of the pointer is determined 
by observing its turning points (begining from left) for two 
complete oscillations. This determination is repeated thrice 
and the mean resting point (P) is determined. 


(ii) The resting point of the pointer is again determined 


‚ thrice, by putting an extra load of m mg. (m may lie between 2 


and 10 mg.) on the right pan and the mean (Q) of these three 


resting points is again found out. Tho sensitivity of the balance 


for zero loads on the pans will be given by, 
LJ 


Q—P 
m 


s.d. /mq. 


liii): This determination of the mean resting point (mean 


of three resting points) of tbe pointer is repeated by placing 


an equal load of 10 gms. on each pan and again by putting an 
excess load of m mg. on the right pan. From these two mean 
resting points sensitivity of the balance for a load of 10 gms. 


is calculated in the manner аз shown in operation (22). 


(iv) In this way, the sensitivity of the balance is found out 
for equal loads of 20, 30, 40, 50, 80, 100 and 150 gms. on each 


‚ pan. 


(v): A graph is then drawn with loads along z-axis and the 


corresponding sensitivity along y-axis. The nature of the graph 


will be of the type as shown in Fig. 11. | 
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Experimental data : 


| 


А ni oints 2 ч 
2 Load | Load Саров point Mean of, EC: 
= | on оп Fue, 
2 | left | right тее two zo Ё 
РА рап pan} left right | left right 3 П 
— (mi) | (ang) v 
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Oral Questions and their Answers 


1. What is the distinction between mass and weight ? How do they 
vary ? 1 

Mass (m) of a body is the quantity of matter contained in the body 
and it is an invariable quantity, 

Weight (mg) of a body is the force with which the body is attracted 
by earth towards its centre. It varies from place to place. It decreases 
when the body is taken (i) at high altitude, (ii) in deep mine, 
(iii) from pole to equator. It vanishes at the centre of the earth. 
The variation of weight isdue tothe change of g, the acceleration due 
to gravity. 

2, What are you measuring here,—mass or weight ? 

Here we are getting the mass of body by comparing it with that 
of the standard ‘weights’, Spring balance only will give the weight but 
not the common belance. 

3. When will the beam of the balance be horizontal ? 

The bean will remain horizontal when the moment of the weight of 
the body and that of the standared ‘weights’ about the fulcrum are equal, 

4. What are the requisites of a good balance ? 

The balance must be true, sensitive, stable and rigid (for details 
see any book of Physics). 

5. What do you mean by the sensitivity of balance ? 

[See theory of Expt. 13] 

6. Way weights are placed on the right-hand pan and body on the 
left-hand pan ? 

To weigh a given body the weights are to be varied and for con- 

` venience of putting weights, they are placed on the right-hand pan. 

7. Isit desirable to put weights while the beam is free ? 

No ; in that case the sharpness of knife-edges will be destroyed. 

8. Why hot or cold body is brought to room temp, before weighing ? 
Incorrect weight wil! be obtained due to convection currents of air, if hot 


or cold body be weighed. 
14. To read Fortin's barometer and to calculate 


atmospheric pressure. ' 

Construction: (i) 16 consists of a thick-walled glass 
tube T of about a metre long, which is completely filled with 
pure, dry and air-free mercury and is inverted over a special 
type of cistern containing mereury [Fig. 19]. This tube 7 is 
rtically in a metal case C. А thermometer T, is 


enclosed ve : 
attached to this metal case for noting the temperature of air. 
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(ii) Two diametrically oppposite slits are cut in the upper part 
of the brass case С at the place _ 
where the mercury in the tube 
Т stands. On the two sides of 
this front slit, two scales S, and 
S. are marked, which are respeo- 
tively graduated from 69 ems. to 
83 cms. and 27 inches to 39 inches. 
The zeros of both these scales 
coincide with the tip of an ivory 
pointer P, fixed to the lid of the 
cistern. А . vornier V can be 
moved by the sides of these 
scales by rack and pinion arrange- 
ment. А plane piece of brass, 
fixed to the vernier, moves with 
the vernier in the back slit. 

(iii) The cistern of mercury 
consists of a glass cylinder 9 
which is fixed to a wooden cylinder 
W. The bottom. of this composite 
cylinder is closed by a’ leather sheet 
L, to the lower end of which a piece 
of wood B is fixed. This wooden 
piece B rests on a screw S', which 
can be operated from outside. The 
mouth of the cistern is closed by a 
porous leather K, through which 
air can exert pressure on the Mercury surface. The tip of the 
ivory pointer P, fixed to the lid of the cistern, represents the 
zeros of the two scales S4 and Ss: 


SSS 


SSSSSSSSSY 


NSNNNNNSNSSSNNNNSSSNNSNSNNSNNSSNSNSNSSNNSNS 


Fig. 12 


Theory: The mercury column in the tube is supported 
by the pressure of atmosphere exerted on the free surface 
of the mercury in the cistern. Let H, be the height of this 
mercury column at і°С. This height requires correction, for 
the true height will be obtained when both the brass scale and 
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HEEL are at 0°C. If« and 7 are the co-efficients of linea 
expansion of brass and cubical expansion of mercury res a 
vely then the correct height of barometer is given by, Hi um 
(1-»-«1) SH v HE | 
If po( = 137596 gms./c.c. be the density КУУ ы А 
and g (=978'8 cm./sec.”) be the acceleration due to gravity th ; 
, the atmospheric pressure is, P = Hopog dynes/sq. om. \ (9) 
Procedure: ( The barometer tubs is made ЖАНБА һу 

-a plumb line and the lower screw S' is adjusted (raised 


; or lowered) until the mercury surface just touches the tip of the 


ivory pointer P. 
(ii) The position of the vernier is adjusted until its (0 — 0) 


line, which is the lower edge of the vernier, becomes just 
tangential to the convex mercury surface in the tube 7. 

(iii) The vernier constants of both the vernjers (one for 
ther for inch scale) are determined and 


cm. scale and 8no* 
the readings of both the scales are noted corresponding to the 


zeros of the vernier. Thus we get H+. 
liv) Knowing Hi, Ho із calculated from (1) and putting this 


value of Ho in (2) we get Р, the atmospheric pressure in dynes 


рег sq. em. 


? 


Experimental data : 
(A) Temperature of air: 
Before experiment = ta = 


After q =te= 30. 


hte a 
ЕЯ 


determinations and noting the 


Mean temp. during expt. 7 tC — 


(B) Vernier constant 
barometric height :— 


Centimetre Scale Inch Scale 


«em. | Smallest scale division = «inch 


Smallest scale division = 
| узус. 


уа. t8 d. 
1 v.d. = s.d. 


„++ =" tem, 


1 v.d.— **:s.d. 


U.C. = V.C, = *** = **jnch 
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M io= 
Scale TEN Total d. Ratio 
Scale Noot readings v rea: ing | Mean'R'| cms 
obs. inches 
5 


-(v.r.)x (о с) һҺ=5+У Inches 


1. | 75'8cm. | 6x*01 cm. 75°86 cm. 


Centi 
metre 


11; Toi 20.95; эз» 
291їпсһе] gzginches P9r$2$ inches 
” PU ” xS inches 


m m ES mS 


Calculations : 


7-000182 (from table) 
«-70000188 ( , ) 


7. Ho-H.(ü-y-«0-2 ' .. = Ly Geth 
P= Hopog = H, x 13:596 x 978'8 = .. dynes/sq, em. 


Precautions : (1) The barometer tube must be kept vertical, 
(ii) Mercury surfaco in the cistern should just touch the 
fip of the ivory pointer. 


(iii) Parallax should be avoided in taking tho readings. 


Oral Questions and their Answers 


1. Why mercury and not water is employed in constructing baro- 
meter ? d 

As atmosphere supports a long column (34 feet) of lighter liquid water, 
the denser liquid mercury is preferable, for its height will be shorter and 
hence suitable for measurement in the laboratory. Also pressure of water 
vapour is greater than that of mercury. 

2. Is the space above the mercury in the barometer vacuum ? 

No; it contains mercury vapour whose pressure is small. This space 
is called Torricellian vacuum. 

3. Is the barometric height, an invariable quantity ? 

No , its height will decrease as we go to the higher altitude due to 
the decrease of the height of atmosphere. It also chinges with the 
weather condition. The height will be greater in dry air than in moist 
air. The height will suddenly fall at the advent of storm. 

4. Isit necessary that mercury should be dry ? 
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Yes ; otherwise water present in it will be vaporised and the pressure 
of this vapour will lower down the barometric height. 

5. What is the practical usefulness of barometer ? 

It is useful in ascertaining the condition of weather. 

6. What is the harm if the barometer tube is kept inclined ? 

If the barometer is kept inclined, the length of the column of 
mercury in the tube (which we actually measure) will increase thcugh the 
vertical height of the column (which is not measured) will remain the same. 

7. Does the barometric height depend on the cross-section of the 
tube 7—No, provided it is not too small. i 

15. To determine the density of a given solid, 
soluble in water, by using а Sp. Gr. bottle. 

Apparatus required: () Sp. gr. bottle of 25 c.c. capacity 5 
(ii) A balaoco; (220) А weight box; (iv) A liquid (usually 
kerosine oil) in which the solid is insoluble. 

Theory: Sp. gr. of è substance is defined as the ratio of 
the weight of а certain volume of the substance to the weight 
of the same volume of water at 4°C; while density of the 


substance is its mass per unit volume. 


Let the weights of the, 


bottle + water (ab room temp. 2^0) filling the bottle = W1 gms. 


empty bottle Д re ДА. } SY, =W, " 
t ulated solid filling about 1/3 of the 
bottle + gran SENE ЕН, 
bottle + solid 4+ insolvent liquid filling the Бо е= W4 n 
bottle + insolvent liquid filling the bottle Sua 
temperature #0. =p, 


Let the density of water at room 
Then Sp. gravity of the solid is given by* 
Wa- We Ў Пау n 
2n S= Gy, - Wa) ~ Wa- Ws) W;- Wa p 
of the given solid is S gms. per c.c. 
э bottle supplied is usually unclean due 


9 


The density 
Procedure :(;) As th 


to the presence of oil or any о І E i 
the bottle should first be washed with dil. caustic soda, then with 


dil. nitric acid, and finally with the water for several times. As 
the bottle is web with water, it is convenient to take tho weight 
of water-filled bottle first. The bottle is then filled with tap 
water and after carefully introducing the stopper and wiping out 


ther impurities on the inside of it, 
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any water on the outer surface of the bottle, it is weighed 
ina balance. Let this weight be И; gms. $ 

(ii) The water is then thrown away and the bottle is washed 
with a little alcohol or methylated spirit or acetone and then 
dried by blowing hot air in it. The empty dry bottle with 
the stopper in it is then weighed. Let this weight be We gms. 

(iii) About one third of the bottle is then filled with the 
granulated solid (not powder) and weighed along with the stop- 
per. Let this weight be Wa gms. 

(iv) The rest of the space above the solid is then filled with 
the insolvent liquid (usually kerosine oil) and it is weighed 
along with the stopper. Let this weight be W, gms. 

(v) The solid and the liquid are then thrown away and 
the bottle is ropeatedly washed with the insolvent liquid until 
the last traces of the solid are removed. Tho bottle is then 
filled with the insolvent liquid and after introducing the stopper 
it is weighed. Геб this weight be Ws gms. 

(vi) The temperature ¢°C. of the experimental water is 
noted by a thermometer and the density (рг) in с.0.5. system, at 
this temperature is found out from a table. 


* Weight of solid taken E -(W,-W.;) gms. 
Weight of insolvent liquid above solid. =(W.-Ws) » 
” » » » filing the bottle =(We-Ws) 5» 
с) » water filling the bottle =(Wi-Ws) 5» 


2 » insolvent liquid of the same volume as solid 
-(W,—W.;)-(W,—W.) » 
S,=sp. gr, of solid with respect to insolvent liquid, 


(We—Ws)—(Ws-Ws) 
= i iqui Ws- Ws 
Sa =5P: £r. of insolvent liquid = v 
wt. of v. vol. of solid 
Wt. ot v, vol. of insolvent liquid 
wt. of v. vol of insolvent liq. wt. of v. vol. of water at t^C. 
wt. of v. vol. of water at £^C, wt. of v. vol. of water at 4°C, 
or, SeS,xS,X^?, [- Pe, the density of water at 2°С. in c.g.s. 
system, is numerically equal to its sp. яг.) 
Ws- Ws x Ws Ws y p 
(Ў Wa) (Wa Wa) Wi- Ws * 


S =sp.gr. of solid= 


(1) 


or, S= 
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(vii) The experiment is repeated with the same bottle or 
with a differen& bottle by using a different amount of solid in 
the bottle. The sp. аг. їз found out in each case by using the 
relation (1). The mean of the two specific gravities obtained 
from the two sets of observations will be the actual sp. gravity 
of the given solid. 

Experimental data : 

(i) Temp. of water taken = #0 =......°0. 

(ii) Sp. gr. of water at 0 — pt = ..--. 


—— —S 
S| We. of Wt, of Wt. of vie мео | ale 
О bottle+ empty bottle+ TP bottles |3 | 
|o water bottle solid КЛОП. K. oil PES 
S Wi Ws Wa We W, BE 
= M D e 
| [.gm4 Еш «fm ^ £m4 gm 
..gm4- gm-+ 60+ gm .. gm4- 
Lf mgt... |..m&c.- wget... |. mgt... | mgt... 
_| = gms = gms = gms =...6ms = gms 


N. B. 


As for example, 2! 
5gms+200mg+20mg+ L0mgt+5mg+1mg=15'236gnis-] 


Calculations : 


[Details of the weights added are to be entered in the column, 
15:236 gms. should be entered in the column as, 10 gms+ 


Hence, density = 
Precautions: (i) During the introduction of the stopper in the 


bottle, care should be taken that no air bubble enters the bottle. 
(ij) When the stopper is introduced into the bottle, some 
quid overflows and sticks to the outer surface of 
The liquid on the outer surface of the bottle should 
t by a dry blotting paper, before the bottle 


E gms./c.c. 


amount of li 
the bottle. 
always be wiped ou 


is weighed. f 
(iii) The solids introduced in the bottle should fill at least 


it and should be in the form of fragments so that 


one-third of X t $ 
e time of their removal. 


difficulty may not arise during th 
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(iv) The bottle is to be held not by hand but always by & 
piece of paper so that the bottle may not be heated by the heat 
of the hand. 

(v) All weighings are to be done by ordinary method and 
not by oscillation method for & little calculation will show that 
ifthe error in weighing be +5 mg. the error in the final result 
is not more than 1%, 

(vi) As 16 is necessary to clean the bottle first (for which 
water will be necessary for final washing) it is convenient to 
take the weight of water-filled bottle first. 


16. To determine the density of the given granular 
solid Insoluble in water, by using a Sp. Gr. botile. 

Apparatus required : (i) Sp. gr. bottle of 25 c c. capacity ; 
(ii) a balance and an weight box and (222) а thermometer. 

Theory: Sp. gr. ofa substance is defined as the ratio of the 
weight of a certain volume of the substance to the weight of the 
samo volume of water at 4°C ; while density of the substance is 
jts mass per unit volume. 

Let the weights of the, 


bottle + water (at room temp. °С) filling the bottle = Wi gms. 
emp'y bottle oe оз: но = Wa » 
bottle + granulated solid (filling about tof bottle) = We » 
bottle + solid + water filling the bottle © = W, » 
Weight of solid taken t =(Ws- Wa) gms. 
T „ water above solid oe 2(W,- WINS 
» »  » filling the bottle + -(Wi- We) » 
» »  » Of same vol. as of solid 


=(W.-W.)-(Wi- Ws) » 
8, sp. gr. of solid with rəspect to water at t°C. 
ps gru АНЕ а ВУ аА 
, OOV Wa Wa) 
S — Sp. gr. of solid, 


N wh. of v vol. of solid y wt of v vol. of water at t°C 
wi. of v vol. of water at £O" ws. of v vol. of water at 4C. 
Ws- We 


=W- WaWa We) Pt Ni а) 
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where р; is the sp. gr. of water at 1*0 = density of water at 
¿C in cg s. system. 

The density of solid = S gms рег с.е. 

Procedure: (2) to (¢ii)—same as Expt. 15. 

(iv) The rest of the space above the solid is filled with 
water at ¿°C and again weighsd. Геб this weight be W, gms. 

(v` £ ‘vi)—same as in items (vi) and (vii) in Expt. 15. 

Experimental data : 

(i) Temp. of water taken = °С 

(i) Sp gr of water at 0 =p: = 


°C. 


E: Wt. of 
S | Wt. of Wt of | Wt. of Sp. gravity 
О | bartle+ | empty | bottle+ Boulet of the 
© water bortle solid са solid 
3 Wi : 
z 

gm+ 

gm+ 

1 mad 

= gm* 
2? 


N. B.—[As the bottle :upplied usually contains oil or any other 
impurities. it requires washing at the begining with caustic soda, dil, 
nitric acid and finally, with water. Hence it is convenient to take the 
weight of water-filled bottle first}. 

Calculation : Se 
s - 
Sp gr =S= (yw. Wa- W. - Ws 
Hence, density of solid = S gms per o c. 
Precautions: [Same as in Expt. 15] 
Oral Questions and their Answers 
CIE uu m TS ре тые ат 
2. What do.you measure here—density or sp. gr. ? 
but as sp. 6". and density are numerically equal in c.g.S. 


density — sp. £r. (2m:/c c.) 
wder or granulated solid ? 


x = 
ү #9 


Sp. gravity : 
aystem we get, 
3. Would sou prefer го 
Granulated solid ; for air bubbles will always remain in pow 
becomes very difficult to remove the pow iers completely Fees vaer andit 
4. Would you prefer smill or large quantity of solid ? 


*., A bit less than half of the bottle ; for small quanti ^ 
displaced liquid which brings large percentage EMEN ды ORGS NES 
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5. Why is the temp. of water noted ? 

Sp. gr. is measured with respect to water at 4°С. When tbe sp. gr. 
with respect to water at ^C, is multiplied by the density (0;) of water at 
1?C.) we get true sp. £r. 

6. Asthe weight of a substance isnot destroyed by solution. what 
harm is there 1f you take a solvent liquid ? 

We do not get the weight of displaced liquid. 


7. Are you getting here true weight ?— Мо ; to get correct weight, 
correction for the buoyancy of air is to be applied. 


8. What is the density and sp. gr. of water ? 
Density of water in c g.s. and in f.p.s. systems are respectively 1 
gmjc.c. and 62:5 Ibs[cu. ft. Sp. gr. of water in both systems is 1. 


17. To determine the Young's modulus of a wire 
by stretching. 
(a) Vernier method. 
Apparatus: It consists of two identical wires AB and 
; CD of the same material and of 
c A the same cross-section, and they are 


suspended from the same support AC. 
The*wire CD is loaded at its free end 
D by & fixed load W to keep it free 
{тот any kink. It carries a scale S whose 
smallest division is one mm. The 
experimental wire AB carries & vernier 
V, so that by the help of this vernier and 
the scale S, the elongation of the wire 
AB can be determined. The lower end of 
AB carries & hanger H, on which a fixed 
load is always kept which is known as 
the dead load. On this dead load, 
additional loads can be placed to elongate 


D B the wire AB. The arrangement is shown 
Í in Fig. 13. 
wW H Theory: Ifa wire be elongated by 


applying a load at its free end, then 

within elastic limit, the ratio of the longi- 

tudinal stress to the longitudinal strain 

is defined as the Young's modulus of the 
Fig. 13 material of the wire. 
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Let the wire of length L cm. and diameter d cm. be 
elongated by J cm. by applying a load of M gms. at its free 
end, then, 

Mg  4Mg, 
mala md? * 
Longitudinal strain = 1/7, 


4Mg LG 4Lg[M 
па? шои) dynes/sq. сш." (1) 


Longitudinal stress = 


Young's modulus = Y= 


Procedure: (i) By the help of a screw gauge the diameter 
of the wire AB is measured аб various places (at least at 
five places) and at each place the diameter is measured in two 
directions at right angles to each other. The mean value of 
these diameters (d) and hence the cross-section 7rd? /4 of the 
wire is determined [Table I]. 


(ii) The cross-section of the wire is multiplied by the 
breaking stress (supplied) of the material of the wire and this 
product gives the breaking load of the given wire. During 
experiment, the maximum or limiting load on the hanger is kept 
below half of this breaking load. 


(iii) The length of the wire between the point of suspension 
and the point of the wire at which the vernier is fixed is 
measured thrice and its mean value (Z) is found out. 

(iv) The maximum permissible load, 2.е. the limiting load is 
now put on the hanger for а few minutes to keep the wire taut. 
Then a greater part of the limiting load on the hanger is 
removed, leaving a certain portion known as the dead load. 


This dead load is sufficient to keep the wire free from any kink. 


(v) The load which is removed from the hanger (viz., 
limiting load—dead load) is divided into 6 or 7 equal instalments 


so that each instalment is either 1 kg. or 3 kg. 


(vi) Additional loads (over and above the dead load) are 
now placed on the hanger by steps of 1 kg. or $ kg. until the 
maximum permissible load is reached. At each stage, the 
readings of the scale and vernier are noted (Table II). 


4 
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(vii The loads are then decreased by steps of 1 kg. or $ kg. 
until the additional load on the hanger comes to zero and as 
before, the readings of the scale and the vernier at each stage 
are noted (Table II). 

(viii) For each load, the mean of the two readings, one for 
the load increasing and another for the load decreasing, is deter- 
mined from which the elongations of the wire for various loads 
are found out. : 

(iz) A graph is drawn with the additional load (in kilos.) 
along a-axis, while its corresponding elongation (in cm.) along 
y-axis, the origin being zero-zero. The graph will be a mean 
straight line passing through the origin. From this graph, 
elongation of the wire for a particular load (which is not within 
the data) is determined and this data regarding load and elonga- 
tion (from graph) are employed to calculate Young’s modulus 
from the formula (1). 


^ 


Experimental data : 
(A) Diameter (d) of the wire :— 
Table I 

[Make a Screw gauge chart as in Expt. 8 and take observa- 
tions at least in 5 different places.) 

(B) Length (L) of the wire :— 

Distance between the point of suspension and the point of 
the wire at which the vernier is fixed is, 

«e je Gi) 4i) 


T от 
(C) Breaking load of the wire :— 

Breaking load = Breaking stress x md? /4 = E kg. 
2. Limiting load = Breaking load/2 = cog kg. 


(D) Recording of readings :— 
Value of one smallest scale division = '*' mm. 


өү.й.=сев.й. 
+, ye = *n8.d.— '+шш.= ош. 
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TABLE II 
Dead Load = 2kg. 


when load increasing, When load decreasing, 


Mean 
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| No. Ve cun z cm. : of mi E in cm. ; 0! reading |Elonga- 
a ernler ni in cm. ion i 
obs in Scale| (V)= Total-| scale v= Totals Ed ү $ 
kits tS) | Cox | apo] Go Gea (diy, ва, O 
(v c) (SEV) (v.c.) (5:50 v omm ) 
1 0 11 | 3х "01 113 s q : б 
| i 11 REOR 115 |114(a) GENES 
|2| 1| r1|9xo| r1 |12 |Ox-01| 120 | 1195(д)(%)—(а) 
н ='09 ="00 4 =`055 
|3| 2 | r2|5xo01| 125 |12 | 5х'01| 125 | 125 
|! | ='05 505 ONTE 
etc. | etc. | etc. etc. etc. etc. etc. etc, etc. etc. 
7| 6 | raloxorj| 140 |14 |O0x Ot 140 | 140(g)| (g)—(a) 
| =`00 | = 00 = 26 


(E) Drawing of the load-elongation graph :— 


To draw the load-elongation curve, 


elongation in 


the origins 
Чот both should be zero. Loads in kilos are to be plotted 
along a-axis (taking 10 small divisions as i kilo) while the 
corresponding elongations in em. are to be plotted along y-axis. 
A number, slightly greater than the maximum value of the 


the data, should be found:out and this number 


should be equally distributed amongst the total number of 
divisions available along y-axis. By plotting the various 


points, 


a straight line is drawn passing through the origin 


and the majority of points. Ifthe straight line does not pass 
through all the points, then it should be drawn in such a way 


that the disp 
straight line. 

point should be rejecte 
tho graph (the co-or 
the load in gms. (M) 
Нот this point are det 


laced points, are distributed on both sides of the 
Ifa point is far away from the line then that 
d. Taking a suitable point (P, say) on 
dinates of P should not be within the data) 
and the corresponding elongation in em. (I) 
ermined from which the value of Young's 
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modulus (Y) of the wire is calculated from the formula (1. The 
nature of this curve, drawn from the following sample data of 
Table III, is shown in Fig. 14. 


TABLE III 
n————ÀM MáÀ— 


Ааа. load 
in Kilos 0 1 2 5 4 5 6 


| 
Elongation (7) 3 T 3 d T g 
S 0 | 055 | 110 | -145 | 175 | 225 | 6 


25 + 
д р u 

y LOAD-ELONGATION CURVE. р 
A 

* 420 
E 

x 45 

5 

N 

© 

şo 7 

N 

ü 

LE 
-05 H 
i 1 4 
Е 
O 
Oe 1 2 3 384 5 
ADDITIONAL LOAD IN KILOS. —e- 
Fig. 14 
Calculation : 
4La[M 
ORE NEA. COR nd 
i dynes/sq.cm.. 


Precautions: (7) The reading is taken only when the. 
suspended system is steady and there is no twist in the wire. 
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(i) Before putting the data in the formula, elongation (2), 
diameter (d) and length (Т) should be converted to cm. while 
‘the load (M) should be converted to gms. 

(iii) The dead load must be sufficient to keep the wire free 


rom kink. 
(iv) After adding a load to the hanger, reading is to be 


taken after waiting for some time so that the elongation of the 
"wire is complete. 

(v) The diameter of the wire should be measured at least at 
5 different places and in each place along the two directions at 


right angles to each other. 
Oral Questions and their Answers 

1. Define, (a) Stress, (b) Strain, (c) Elastic limit and (d) Poisson’s 
ratio, 

(a) When a body is deformed by the application of a system of 
-external forces (which are of course balanced by the internal reactionary 
forces), the deforming force per unit area of the body is known as the 
stress and its unit in c g.s, system is dynes per sq. cm, 

(b) Strain is the fractional change of the deformation and as it 
represents the ratio of two similar quantities, it is a pure number, 

(c) The range of deformation over which the body returns to its 
original state when the, deforming forces are withdrawn, is called the 
elastic limit. 

(d) The ratio of the lateral strain to the longitudinal strain is known 
as the Poisson’s ratio (с) and its value lies between +ġ and —1. 

2. Define Y and K and state the relation between them, What is 
the effect of temperature on them. 

Young's modulus (Y) is the ratio of the longitudinal stress to the 
longitudinal strain and its unit in c.g.s. system is dynes per sq. cm. 

Bulk modulus (K) of elasticity is the ratio of the volume stress to 


the volume strain and its unit is also dynes per sq. cm. in c.g.s. 


system. 
The relation between Y, К and c is given by Y 23K(I — 20). 


both Y and K decrease with the rise of temperature. 
3. What is the difference between bresking stress and breaking 


fload ? 
Breaking stress in gms.-wt. is the load in gms. required to break a 
wire of 1 sq. cm, in cross-section while breaking load for a wire is the 


load required to break the given wire. Thus breaking load— Breaking 


stress x cross-section of the wire. 
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4. Whydo youdetermine the breaking load and why the limiting: 
load is kept below half of the breaking load ? 

Hooke's law is true within elastic limit and it has been found from 
the (stress-strain) diagram drawn up to the breaking point ot the wire, 
that the maximum load for the elastic limit is nearly half of the breaking: 
load. Hence the maximum load applied is kept below half of the breaking. 
load. 

5. Why two identical wires are taken ? 

' Scale and vernter are to be fixed to the two wires to measure elonga- 
tion. Again the position of the vernier will not change with tbe change: 
of temperature, if the two wires are identical. 

6. Why are the wires susrended from the same support ? 

To eliminate the change of readirg due to the yie'ding of the support: 
caused by the addition of load on the hanger only. 

7. Will the Young's modulus change if you take wires of same- 
material but of different diameters and lengths ? 

No: for the change ОЁ length ond diameter will cause a change im 
the elongation of the wire keeping Young’s modulus (Y) constant. 

8. What length of the wire you would measure and why ? 

The distance between the point of suspension and the point of the 
wire at which the vernier is fixed is to be measured ; for the elongation 
of the wire below the point at which the vernier is kept fixed, will not 
zause any change in reading. 

9. What quantity you would measure with great care ? 

Diameter of the wire ; for it occurs in square power. 

10. What will be the nature of the load-elongation graph ? 

Within elastic limit the graph would be straight line passing through: 
the origin, 

11. Why dead load is necessary j— To keep the wire free from 
any kink. Я 

12. Why до you measure the diameter in two directions at right 
angles to each other ? 

To avoid the error arising out of the elliptical cross-section of the- 
wire. 

13. Why do the readings for load increasing and decreasing differ ? 

Due to elastic after-effect, the wire requires some time to regain 
its original length. Hence after the withdrawal of the load, the reading 
is usually greater. 


(b) Micrometer method (Searle's apparatus) 


Apparatus: The apparatus which is employed to find 
Young's modulus is shown in Fig. 15. It consists of two. 


т UT TT анын бы йб: чай Сы M SE E 


Ir 
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identical wires 4B and CD whose upper ends are fixed on the 
same support AC attached to the ceiling. The lower ends 
of the wires carry the 
frame-works BB, and 
DD,. These frame-works 
are joined by links Dy 
and La in such a way 
that they can move 
freely ina vertical plane. 
Inside the frame, there 
is а sensitive spirit level 
R fixed toa plane base. 
One end of this base is 
pivoted to а horizontal 
bracket fixed to Ње 
middle of the frame DD,, 
while the other end of the 
base rests on the pointed 
end of a micrometer 
screw. ‘Che distance of 
the shift of the Screw 
can be. recorded from a 
vertical linear scale S 
and a circular scale S, 
marked on the diso fixed to the lower end of the screw. There 
ave two hooks H, and Hz, attached respectively to the lower 
end of the frames DD, and ВВ,. From the hook H, a 
fixed load W is suspended to keep the wire CD free from 
kink. To the hook Ha a hanger H is attached, on which 
another fixed load called dead load is placed. On this dead 
load additional slotted loads can be placed to elongate the 


wire AB. 


a 
» 


L-----—-PF-l 


Fig. 15 


Theory : [Same asin vernier method]. 


procedure: (i) & (ii) [Same as in vernier method]. 
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(iii) The length of the wire between the upper fixed point 
A and lower fixed end В is measured thrice and the mean of 
these three values gives the length L of the wire. 

(iv) £ (v) [Same as in vernier method]. 

(vi) Additional loads (over and above the dead load) are 
now placed on the hanger by steps of 1 kg. or $ kg. until the 
maximum permissible load is reached, At each time, as the 
load is placed on the hanger, the bubble of the spirit level will 
be displaced from the centre due to the elongation’ of the wire. 
The screw is then rotated always in one direction to bring the 
bubble back to the centre. At each step the readings of the 
linear and circular scale are noted (Table IIA) [or the reading of 
the circular scale only are noted (Table IIB)]. 

(vi) Additional loads are then decreased by the same steps 
as before until it comes to zero again. At each step, the readings 
of the linear and circular scale are again noted [or the reading 
of the circular scale only is noted]. 


(viii) & (tz) [Same as in vernier method]. 


Experimental data : 
(A) Determination of the diameter (d) of the wire :— 
TABLE I 

[Make a screw gauge chart as in Expt. 8 and take observa- 
tions at least in five different places]. 

(B) Length (П) of the wire :— 

Distance between the point of suspension and the lower 
fixed end of the wire is, 


(C) Calculation of breaking load :— 
Breaking load = Breaking stress х (74? /4) k g. — 
Limiting load = Breaking load/2 


> 
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4D) Recording of readings :— 


Smallest value of the linear scale =s = mm. 


Pitch of the screw 2p---mm. 


No. of circular scale divisions = № = ** 
Least count e -L.c.—p[N "mm. 
Or, Lco, = "шш, = "ош. 


the following values of s, ф, N and Lc. 


N. В. [In tables IIA & IIB 
ly; sel mm. p='5 mm.; N—50, Lc. 


svere taken for illustrations on 


= "5/50 = '01 mm.] 


TABLE ПА (when readings of both linear and circular 


scales are considered). 
Dead Load =2Kg. 


1 figures in the table are for illustrations only]. 


ў т d increasing When load decreasing, - 
3 uen їп mm. of | readings in mm. ı of leo asl | 8 B 
ENG = 9 265 е Р 8 E 
о5о cios "m | T uos | go SB S8 [3 
раа раев раб | 8.) see] ad gael | $8 Ea 
$318 |s9- ut | дее fa ЕО cd 
S 3|sg|óss $1 | 2 Besga = 8 |» 
ЕЛЕ ШОК ЕЕН eu la Ой m RE 
ERES p Mid | si 
ens: P т 5475 ӨГӨ ҮҮ 
ТОКО 47x:01| 5°47 5 ]|48x:01| 5:48 (а) (Ge (9 А 
n 504-25) 5745 
(50+: d (ь)—( 
A RE (5060 ЙЕ ЮТ a: 5175 | ay | pte) |.oa7 
[УЕ кыек Шү 6:075 Rn 
ЮЕ Bes ЕА eoa KEAN ЕКЕ, (400 | 069 
Ja Sil net ud BE т 
етс, letc.| etc. etc. etc. etc. etc. etc. etc. Cim erras 
pis 0445) à (502-48) 6:98 6:965 | (f) (a) |. 
6 |5 |6 (o 6:95 | 6 [co Q5 | OS) лд 
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TABLE IIB (An alternative table when the readings of 
circular scale only are taken). : 
Dead Load —2Kg. 
[Numerical figures in the table are for illustrations only] 


— 


Load increasing Load decreasing кү| 
“ БУ 9 o 
own 
© xs id 
E = = Sa Чч т) та BL Eee] 
БИЕДЕ || sj. Gs 8. Jos s$ as 53 x ее 
gale |8% SS зей oe [жо шаша joe 
E К ~ [о = «о? o s 
salas [as |85 Охта fag |53 Ооа 
2. S Wy = mu "| = 
HERAA E E ых EA ER 
|е E ART A AA E 8 Sale ong уж үнү 9s 
Э. јо SSCS SE SI SS[S$wRIss' sz io 
ZlS/S као о о во Sa eja aS SAIO = 3 
519-5 og © av 9 c 9. S acu Н Es 
<А lose [78 ваз [68 [Ze [a9 ^8 9 B 
$e lag 4® ваи Es их ёз 3 | 
Hes 2E ШЕШӘ рт 
Yo ату H 47%) оу as | na | d8 | о 0| o0 
2| 0 
3 
4 
5 
6 
7 


(E) Drawing of load-elongation graph :— 
[Same procedure as in vernier method]. 


Calculation : 


у=; (2) = ‘+ = C dynes/sq.em. 
"d* VM 


"N.B. [In the table, additional number of circular scale divisions 
rotated, 
(а) When the direction of movement of the screw is such that the 
rotation of its head increases the circular scale reading. 
n=(R,—R,). when R,>Ri, 
n=(N—(R,—R,)], when R,2 Hs, 
(b) When the direction of mevement of the screw is such that the 
rotaticn of its head decreases the circular scale reading. 
n-[N —(R; — R,)] when R,>R,. 
n=(R,—R,) when R,>Ry 
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Precautions: (i) to(v) [Same as in yernier method]. 


(vi) To avoid back-lash error in the reading, the screw is to: 


be turned always in the same direction when & particular set of 


readings are noted. 
Oral Questions and their Answers 


1 to 12—[Same as in vernier method], 
13, What is back-lash error and how would you avoid it 1 
Usually the screw misfits into its nut and a small rotation of the 


head of the screw does not cause à corresponding linear movement. This 
defect of the screw is called back-lash error. Itis eliminated by taking 
the readings by r:tating the screw always in the same direction. 


18. Determination of the rigidity of a wire by 
twisting it (Static method). 


Apparatus : Various SN 
forms of rigidity аррага- pcm ar 
tus are employed, one of 
which is described here. 


The apparatus in the 
Fig. 16 consists of ® 
rigid frame-work héving 
a heavy iron base to 
which . levelling screws 
are attached. The 

end 4 cf the 
B, whose rigidity 
is attached 
li& chucks 


upper 
wire A 
is required, 
to a suitable SP. 
fixed to the бор of the 
frame. The lower end 

of the wire is attached to 
a fly-wheel F from which 


a heavy load W is kept 
suspended to keep the 
One end 


wire stretched. 
of each of the two cords 
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is attached to a pin at the lower end of the fly-wheel 27 and 
then they are wound in the same direction. On reaching at the 
top of the fly-wheel, the cords leave the opposite extremity of a 
diameter and after passing over the pulleys P, and Po, their 
free ends are attached to two scale pans Sı and S, respectively. 
Equal loads can be placed on these pans to exert a twisting 
couple at the lower end of wire. The twist in the wire can be 
noted by а pointer P moving over a circular scale S graduated 
in degrees. 


Theory: Let the lower end of a wire of length J and radius 
r be twisted by an angle of 0 radian by the application of an 
external couple of moment mgd, where mg is the weight of the 
mass m placed on each рап and d is the diameter of the fiy- 
wheel. Due to this twist in the wire, an internal couple of 
magnitude mzr*0/9] will be set up which will balance the 
external couple, Hence for equilibrium, n77*0/91 = mgd. 


If the twist in the wire be ¢°, then eae radian. 


2450 
Hence, wre —mgd. 
or, rigidity = л = 20") w x w G) 


Procedure: (i) The diameter of the wire is measured by 
а Screw gauge at various places (at least in 6 places) and at each 
place readings are taken in two directions at right angles to 
each other. The mean diameter when halved gives the radius 7 
of the wire. 

(ii) The diameter of the fly-wheelis measured by a slide 
eallipers in various directions at the place where the two strings 


elave the wheel. The mean of these readings gives d. 
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(ii) The length of the wire from the upper fixed point to 


the position of the pointer is measured by & scale. The mean 


of three such measurements gives l. 

(iv) Various equal loads are placed on the two pans and at 
each time the reading of the pointer on the circular scale is 
noted, Readings for both increasing and decreasing loads are 
noted and from the mean of these two readings the twist in the 
each load is determined. 

drawn with loads as abscissa and the 
jst in degrees as ordinate. The graph 
g through the origin, which is (0 — 0). 
ф° {ога particular load of m gms. is 
¢, т, d and Lin the 


wire for 

(v) A graph is then 
corresponding angles of tw 
is a straight line passin 


From the graph, the twist 
determined. Putting these value of m, 


relation (1), rigidity % is calculated. 


Experimental data : 
(A) Measurement of ihe diameter (2r) of the wire :— 
Table I 


in Expt. 8 and measure diame- 


crew gauge chart as 
least in 6 different places.] 


rection at 
е diameter (d) of the fly-wheel :— 


[Make ав 

ters in perpendiculat di 

(B) Determination of th 
Table IL 

t as in Expt. 10 and measure 


[Make & slide callipers char 
rections at the place where the 


diameter at least in 4 different di 
strings leave the fly-wheel.] 


(C) Measurement of the length (1) of the wire :— 
o wire between the upper fixed point and 


The distance of th | 
inter is fixed is, 


the point where the po 
(i: +" cy. . й 
Бе T 00 
(D) Determination of the twist (4°) of the wire for various 


loads (m) :— 
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Table III 
ee — 
Readings of the pointer 
in degrees 
No. of Load en Twist in 
obs еасдцрап s 3 = degrees 
1n gms. | Load increasing , Load decreasing 
mean 
End I | End П | End I | End II 
1 0 255 a ло 25 Ҳа) | (a) (а) =0 
2 Xs c «-.(b) | (5) - (a)... 
3 - E dá e Ned) eso 
4 Et (4) | (а) - (a) =... 
5 ps 5x ue a | ee (e) 1 (е) – (а) =... 
6 | (Af) | 00—(а)=... 
7 А cec en Sr aj 208) | (2) (а) =,.. 


(E) Drawing of (m —4) graph :— 
To draw the load-twist curve, the origins for both are to be 
taken as zero. The loads (m) in gms. should be plotted along 
-x-axis while the corresponding twist ($^) in degrees should be 
plotted along the y-axis. By plotting the various points, a mean 
straight line is drawn passing through the origin and the 
majority of points. The other points, if displaced from the 
straight line, should not be far away from it. The nature of 
this straight line graph will be of the same type as the load- 
elongation curve shown in Fig. 14. Taking a particular point on 
the straight line (which is not within the data) the load (m) 
in gms. and the twist (¢°) in degrees corresponding to this 
point are determined from the graph. By putting the co- 
„ ordinates (m, $^) of this point in the formula (1) along with the 
. other data, the value of rigidity (n) is calculated. 
Calculation : 
Formula employed is, 


_ 360 р = -- dynes/sq. cm. 
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Precautions: (i) After adding a certain load to the ae 1 
pans readings of the pointer are to be taken after UN i 
little, so that the system may be steady. ag 

(ii) As radius r occurs in 4th power, it should be measured 
very carefully otherwise a small error in the measurement of 
y will increase the error in the determination of n by 4 times 
г ae purpose, the diameter should be measured at least i 
. ifferent places and at each i Оа: : : 
332 лы: place in two directions at right 

(iii) The diameter of the fly wheel should be measured 
cat the place, where the two strings leave the wheel and at this 
place that diameter should be measured at least in 4 different 
-directions. 

(iv) Care should be taken to maintain the strings, leaving 
the fly-wheel horizontal otherwise the arm of the couple applied 
will not be equal to the diameter of the fly-wheel. 


Oral Questions and their Answers. 
1. Define rigidity and state its unit. 
It is the ratio of shearing stress to shearing strain. As stress is the 
ce per unit area while strain 1s the displacement gradient (having no 


ty in c.g.s, system is dynes per sq. cm, 
dity involves length and radius of the wire, how 


"for 
unit), the unit of rigidi 
2. The formula for'rigi 
‚до they influence rigidity ? 
They have no influence on rigidity. The change of length and diameter 
of the wire will cause a change of twist and not rigidity. 
3. Which quantity you would measure very accurately and why ? 
The radius of the wire should be measured very accurately for it occurs 


in 4th power. 
4, How rigidity (n) is related to Young's modulus (Y) ? 


y =2п (1+0) where c is the Poisson's ratio. 
5. What is the effect of increase of temperature on the rigidity of 


-the wire ? А 
Rigidity decreases with the increase of temperature. 
6. Whatis the harm if the strings leaving the fly-wheel are not 
(iv)]. 


horizontal? [See precaution 
7. At what place of your fly wheel you would measure its diameter 


-and why ? 
strings leave the wheel, for the diameter of 


At the place where the 
‘the wheel at that place is the arm of couple applied. 


66 PRACTICAL PHYSIOS 


(v) A vertical line N is marked on the surface of the 
cylinder (when it is at rest). To find the period of its oscillation, 
either a pointer is to be kept fixed with its pointed end facing 
the vertical line N or а telescope is to be focussed from a dis- 
tance on the vertical line N on the cylinder so that it may re- 
main coincident (without any parallax) with the vertical line of 
the cross-wire of telescope. The cylinder is then twisted by 
a certain angle and is released to perform torsional 
oscillations about the vertical axis. The pendulum oscillation 
(if any) should be stopped. When the vertical line N on the 
cylinder is going towards right, by crossing the tip of the 
pointer or the vertical line of the cross-wire of the telescope, a 
stop-clock is started. The cylinder will perform one complete 
oscillation when the vertical line N on it, is for the next time 
crossing the tip of the pointer or the vertical line of the cross- 
wire of the telescope and is moving towards right. The stop- 
clock is stopped when the cylinder performs such 30 complete 

‘oscillations. This time for 30 complete oscillations is noted 
thrice independently and the mean of this time when divided by 
30, we get the period (7) of oscillation of the cylinder, 

(vi) The value of the rigidity n is then calculated by 

putting the values of J, l, r and T in the relation (4). 


Experimental data : 


(A) Determination of the moment of inertia (I) of the 
suspended cylinder :— 


(i) Mass of the cylinder = M = ES .. BOOS, 
(4) Diameter (D) of the cylinder.— 


TABLE I 


[Make a chart for slide callipers as in Expt. 10 and measure 
diameter in perpendicular directions a£ least in six different 


places.) 


з 
(iii) Calculation of (I), IC $ME* = м2) =...=...дшсош,? 
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(B) Length (2) of the suspension wire from its point of 
suspension to the point where the cylinder is attached. 


[aes Me ab 
3 m m . 


(C) Measurement of the diameter (d = ду) of the wire :— 


Table II 


[Make а screw gauge chart, as in Expt. 8, and measure 
diameters in perpendicular directions at least in eight different 
places. ] 

(D) Determination of the period (Т) of torsional oscillation of 
the cylinder :— 


— 
No. of Time of 30 Mean Period 
obs. oscillations time T in secs. 
ese MIN, .... secs. 
es. MIN, .... SECS. +. min, .., secs, ++. SECS, 


+». min. ... SECS, 


Calculation : 
Б 
n= = = 


ay -. dynes/sq. om. 


Tihs 
Precautions: (i) The pendulum oscillation of the cylinder 
(1 any) should be stopped. 
(2) Care is to be taken to see that the suspension wire may 
coincide with the axis of the cylinder. 
(iii) The radius r of the suspension wire occurs in 4th power 


and hence it should be measured very carefully otherwise a 
small error in the measurement of r will increase the error in 
the determination of x by four times. 

(iv) The period (T) of oscillation should also be measured 
very carefully for it occurs in the second power in the 


«expression of n. 
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Oral Questions and their Answers 
- “ кг a of v 


1—5. (Same asin the Expt. 18). з оз, v 


6. Does the period of oscillation depend on the amplitude of oscilla-. 
E + -— 
tion of the cylinder ? 
No : the angle ofoscillation may have any value within the limits of- 
elasticity of the suspension wire. 


7, What is the difference between simple rigidity and torsional 
rigidity ? [See Q. E at the епо of Expt. 18] 


|: 8. How will em period , di oscillation of a torsional pendulum be 


affected when the length "and diameter of the suspension wire is. 


increased ? 
E 


Period will i increase cR the increase ic length of the suspension wire 
but it (period) will decrease with the increase in the diameter of the 


wire. 
e 


9. How will'the period of oscillation be affected if the bob of the 
pendulum be made heavy ? 


If the mass of the bob be made greater, its moment of inertia I will; 
be greater and hence it will oscillate slowly with greater period. 


10. , Will the регіо} be affected by the change in the acceleration due 
to ай ?— No. 


20. 'To détermine the moment of inertia of a body 
about an axis passing through its centre of gravity 
and perpendicular to its length. 


Apparatus: The moment of inertia table (Fig. 18) which 
may be employed'for this purpose, consists of a flat circular 
metal disc: D' having a concentric circular groove оп its 
surface. This groove contains several masses "m by moving. 
which in the groove the bubbles of the spirit levels L, and Le,. 
kept along the.’ two ‘perpendicular diameters of the disc, are 
brought at the centre. This circular disc is attached to a frame- 

-work F. This frame-work with the disc, is kept suspended by a. 
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"wire W in such & on that the disc D is horizontal (which can , 
"be tested by the spirit levels Lı and Lg) A mirror E is fixed 
to the wire W, by which the 
period of oscillation of the 
«disc can be noted by teles- 
cope and scale arrange- 
‘ment, if necessary. The 
whole apparatus is kept 
renclosed in a glass case to 
protect it from wind distur- 
bances. By this arrange- 
ment the moment of inertia 
‘of a body about. an axis 
‘passing through its centre 
sof gravity may be. deter. \ 
»mined. E 

The “Шау (whose mo- m 
ment of inertia is known or . 
unknown) is to be placed —— Fig, 18 
‘оп the disc in such a way 
that the vertical axi8 of rotation of the disc passes through the 


€. g. of the body. 
Theory : The period T, of zRo torsional oscillation of a 


‘body of a, moment of inertia I is given by, T'— 2r, z, where c 
-is the torSiofial couple for 1 radian twist in the suspension wire. 

If the period of oscillation about the vertical axis, 
of the cradle alone vu d I etm 
‘of the cradle and the body of known moment of inertia = Ty, 
of the cradle and the body of unknown moment of inertia T; 


7» 
then, т=п! dea Ue e (1) 
Т. To 
т=п 37 wed eds „ы. (2) 


Ta * Io 
т=п 21 bod wwe ze (3) 
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where, Io = M I. of the cradle. 
I= 
coy » unknown body. 
From (1) and (2) we get, 


" Y known body 


VUES +21 р 

Ta Io Па 

І, т, To? : i 

i, A MT . (4) 
Similarly, from (1) and (3) we get, 

Ig_T2*-To? 5 

Bo eT TE s .. (5) 


From (4) and (5) we get, 
T,2—T,2 
hohem sv. pb tare) 
The moment of inertia (7,) of the known body (which may be 
в cylinder or а rectangular bar) about the vertical axis passing 
through its centre of gravity is calculated from the formula, 
4 13 r? M 

if. -u( +") . = (72 2 Sus B. 

1 18 UA on Xx 190 tb?) (1) 


Here M, l, b and r represent the mass, length, breadth and 
radius of the known body respectively. . 


Procedure: (i) The mass (M) of the known Gest is deter- 
mined by a rough balance or, spring balance while its diameter 
(27) or breadth (b) and length (1) are measured by aslide calli- 
pers and ordinary metre scale respectively. Its moment 
of inertia (Z,) is then calculated from the relation (7). 

(ii) The cradle alone is made to perform torsional 
oscillations with a small amplitude and the time for 30 oscilla~ 
tions is noted thrice, The mean of these three observed times 
when divided by 30, we get the period (To) of the cradle. 

(i) The known body is then placed horizontaly on the 
cradle and the period of oscillation (71) of the cradle and tha 
known body together is determined as before. 

(iv) The known body is then replaced by the unknown 


body and the period of oscillation (T) of the cradle and the: 
unknown body together, is similarly determined, 
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(v) Putting the values of Ту, To, Т; and Тз, in the formula 
(6), the moment of inertia Fs, of the unknown body is calculated. 

Experimental data : 

(A) Determination of the moment of inertia of the 
known body :— 

(i) Mass of the known body, (M) = -:*:--gms. 

(i) Length of the body, (2) = Qut ner ns Неа 

(iii) Diameter or breadth of the Бойу — 

TABLE I 

[Make 2 chart for slide callipers as in Expt. 10 and measure 
diameter or breadth at least in 4 different places]. 

(iv) Calculation of Z,— 


13 r? 
І,= М Pese o gm.-om^. 


or, І = a (1? +6) = gm, – сш". 


(B) Determination of the periods of oscillation.— 


TABLE II 


^ 


Oscillating 
body 


Cradle 


Time for 30 
oscillations 
.. Min, ... sec. 
... MIN, .., sec. 


... Min, ... sec. 


Mean time 


.. min, se sec- 


Cradle+ 
known body 


Cradle+ 
unknown 
body 


ese MIN, ... sec. 
... min. sss Sec. 


vee MIN. oe Sec. 


.. min. ... sec, 


Period in 
Seconds 
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Calculation : 


a 2 
DE ru AMA теш м) ван 
о 


Precautions : (;) The amplitude of oscillation should be kept 
small, so that the period may be independent of amplitude. 


(ii) Pendulum oscillation is to be prevented by avoiding 
any oscillation of the suspension wire. 


(iii) Care is to be taken to see that the axis of oscillation 
passes through the c.g. of the rod. 


Oral Questions and their Answers 


1, Define moment of inertia and radius of gyration and state the unit 
of moment of inertia. 

The moment of inertia of a particle of mass ‘m’ situated at a distance 
k from the axis of rotation is mk2. The moment of inertia of a body 
about an axis is the product of the mass (M) and square of the radius 
of gyration (K) of the body. The radius of gyration (К) of the body is 
the distance of a point in the body from the axis of rotation so that if a 
particle of mass M, equal to the mass of the body, be kept at that 
point, then the particle will have the same moment of inertia as the 
given body. The unit of moment of inertia in c.g.s. system is (gm.-cm.2). 

2. Does the moment of inertia of the body depend on its axis of 
rotation ? А 

Yes : moment of inertia (MK?) of a body will be different for its 
different axes , for though the mass (M) of the body is remaining constant, 
the radius of gyration (It) will be different for different axes, 

3. How do the pendulum and torsional oscillations differ ? 

Pendulum oscillation is controlled by gravity while torsional oscilla- 
tion is controlled by the torsional couple in the suspension wire, 

4. What factors govern the period of torsional oscillation ? 

-The period of torsional oscillation is given by 


I 21 
исе. © e т=з: 


nart 

Hence period T depends (i) rigidity (n), (ii) radius (r), (iii) length 
(1) of the suspension wire and also (iv) on the moment of inertia (I) of 
the oscillating body. d 

5. How would you proceed to know whether the moment of inertia 
so obtained is about the axis passing through the c.g. of the rod or not 1 

At first the moment of inertia of the rod is to be determined by 
making the axis of rotation (which coincides with the suspension wire) 
to pass through the c.g. of the rod found by guess-work. Then the 
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moment of inertia of the same rod is to be determined when the axis of 
rotation passing through two other points which are situated on both 
sides of the suspected c.g. The lowest of these three values of the 
moment of inertia so obtained will be the moment of inertia ofthe rod 
about the axis passing through its c.g. 

21. To verify Boyle's Law for pressures above and 
below one atmosphere and to draw (P-V) curve. 

Apparatus : Boyle’s law apparatus is shown in Fig. 19. 
It consists of two wide glass tubes АВ and CD which can be 
raised or lowered or can be 
clamped a& any position of 
two uprights RQ and ML 
respectively. The upper end 
of AB is either olosed or 
provided with a stop-cock S, 
while both the ends of CD 
are open. The lower open 
ends of the tubes AB and 
CD are joined by a tbick- 
walled rubber tube BED. 
"The whole of the rubber tube 
and parts of the tubes AB 
‘and GD are filled with pure 
and dry mercury. The tube 
AB is usually kept un- 
graduated but sometimes it 
is kept graduated in c.c. 
-from above. Dry gas is en- 
closed in the space above 
the mercury surface in AB. 


A vertical scale $185 is fixed 
between the tubes AB and Fig. 19 
QD to measure the difference of mercury levels in them. 
Theory: Boyle’s law states that at constant temperature 
(Т), the volume (V) of а given mass of а gas is inversely pro- 


portional to tts pressure (P). 
Thus P«1/V when T is constant. If Pa, Va, ; Pa, Va ; 
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Ps, Vs ; etc. are the pressures and volumes of the same mass of 
а gas at different stages under constant temperature, then 
Р,ү,=Р,ү.=Р,ү, = ео. 

If Н cms. be the barometric height and h cms. be the differ- 
ence of mercury levels in the open and closed limbs then the 
pressure of the gas enclosed in AB is P=(H+h) cms. of mercury; 
+ or — sign should be taken according as the mercury level 
in the open limb CD is higher or lower than that in the closed 
limb AB. If the tube AB is not graduated, then the volume of 
the gas in 16 will be proportional to the length of the tube 
occupied by the gas provided the tube is uniform. 

Procedure: (i) The barometric heights are noted before 
and after the experiment and the mean of these two heights. 
is found out. Let this mean height be H cms. of mercury. 

(ii) The tube CD is raised or lowered until the mercury 
levels in AB and CD are in the same horizontal plane, when 
pressure of the gas in AB will be H cms. of mercury. The length 
1 cms. of the gas in AB is measured by the scale 8:5, [or when 
the tube AB is graduated, the volume V c.c. of the gas in it is. 

- noted]. The product, Hl [ог HV] is found out. 

(iii) The tube CD is now raised in three or four steps, to 
diminish the length of the gas in AB, so that the length (lg) of 
the gas at each step is less than that at its preceding step by 
about 1 or 2 cms. [ог the volume (Vz) of the gas at each step is 
less than that at its preceding step by about 1 or 2 c.c.]. The 
difference of mercury levels (h cms.) in AB and CD is noted at 
each step, from which the gas pressure P, (= H + h) is found out. 
In all these cases, the product (P, x lg) [or Pg x Vj] was found 


to be the same as H.l, (or Н.У). This verifies Boyle's law for 
pressures greater than one atmosphere. 


(iv) The tube CD is now lowered in three or four steps, from 
the horizontal condition of mercury levels in АВ and CD, so that 
the length (/5) of the gas at each step is greater than that at its 
preceding step by about 1 or 2 cms, [or the volume Vg of the gas 
at each step is greater than that at its preceding step by about 1 


or 2 c c.]. The difference of mercury levels (h ems.) in AB and CD 
is noted at each step, from which the gas pressure Р,=(Н- 1) 


—— - A" 
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is found out. In all these cases, the product (Pg.lo) [or Po. Vo) 
was found to be the same as HJ (or H.V). The verifies Boyle’s 
law for pressures less than one atmosphere. 


Experimental data : 
(A) Record of Barometric height (H) :— 


TABLE І 
Smallest division of the main scale = **:ems. 
gud. m sd. 3 С. Lud. =srs.d. 


v.c. = 1 s d. — 1 v.d. s.d. = cm. 
_ eee ee o 
| Barometric height 


" |. ——À———AÀ—————Á— O ! 
Time D | Scale reading | Vernier read- | Total read- Mean 
recor in ing in cm. (V)| ing in cm. height in 
cm. (S) -(v.r)x(v.c.)| (S+V) cm. (H) 
Before Expt. | E SRC) Es see 
After Expt. | eT (...)х(...) =... N 


(B) (Pressure-volume) record : 
TABLE II A (when the closed limb £s not graduated). 
Room temperature (at the beginning of Expt.)  ---"C. 


e » non end "o» Eee’, 


ә Scale |Readings for mercury| ЕСУ i B 
E: di levels in (E | of .| te 
а reading) levelsincm.of, | ©? | 89. | о 
8 248.8 
BE No, 26 Фе зза | Е | 32 
кз tori top ot söm | Sng] 8s 
$$ [pps closed въ | EnS | ST 
BR 1005. tube in За ата [5 
E: cm. aks oe 21 
o (4) B : Е 
У 


N 
e 
a 


atmos-| 1. 73'4 50:8 50'8 | 0 75:9 


„в|®| " 524 i 1 817 | 21 
со 

2213.1 » ө Е - 919 
29 

БҮРЕ : " = 

<3 


Below one 
atmosphere 
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TABLE II B (when the closed limb is graduated in’ c.c.) 
Room temperature (at the beginning of Expt.) =+ °C. 


= °, 
n ” 9 end » n» 1:050. 


Readings for mercury d 
= levels in cm. of, wa *n|s 
7 5-9 | one] 8 
Zo ool ЕК ЕИ ^s 
"oin No: в ж | аще | sess} > 
2a о etae | Siw 
ERIT | “ona | Spb | See] Bes х 
EIER limb lim |€2,;/$299|28 & 
2 А S.H DE 1 
© (А) (В) a eB o B - 
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(C) Drawing of (P — V) curve :— 


À graph connecting pressure and volume ofa given mass 
of a gas at constant temperature is drawn from the following 
:sample data and is shown in Fig. 20. 


Pressure in cms, 6: | 89 | 81 | 7» | 70 66 BA 


of mercury—> 


Volume іп c.c.—> 79 12:3 


[мае 
8:6 | 9:5 |20 | 10:9 | 11:6 
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Fig. 220 


Pressure in cms. of mercury is plotted along w-axis- 
while the corresponding volume (or length) of ihe gas. 
is plotted along y-axis. The origins for pressure and 
volume axes (60,75) should be, as far as possible, round numbers 
which are even lower than the lowest values of pressure (622): 
and volume (79) in the given data. Then round numbers 
(100, 12°5) higher than the highest values of pressure (96'9) and 
volume (12'3) are to, be selected from the given data. The 
difference between the highest value and the lowest value at the. 
origin along an axis should be equally distributed amongst the- 
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number of small divisions available along that axis. [Here the 
difference of (100 — 60) = 40, along the pressure-axis, is distribu- 
ted among the 40 small divisions available along that axis, 
while the difference of (195 — 75) = 5 along the volume axis, is 
distributed among the 50 small divisions available along that 
axis] By plotting the points, they are joined by a smooth 
curve, the nature of which would be a rectangular hyperbola as 
is shown in Fig.20. Instead of (P— V) curve, (P — 1/V) curve 
may be drawn which will be a straight line. 

Precautions: (i) The gas in the closed limb should be 
made previously dry by fused calcium chloride. 

(ii) At the beginning, the mercury level in the open limb 
should be raised much higher than that of the closed limb and 
should be kept steady for a few minutes. If there be no 
change in the levels of mercury, then there is no leakage in 
the apparatus. 

(iii) Ateach step, the readings of volume and pressure 
should be noted after waiting a few minutes, so that any ther- 
mal change, which is brought about by this change of volume, 
may be compensated by the surroundings, 

Oral Questions and their Answers 

1. State Boyle's law ; is it true for all pressure ?—For statement, 
see Theory. As is evident from Amagat's experiment the law is true 
within а small range of pressures but not for all pressures, 

2. What is the distinction between vapour and gas ? 

The gaseous state of that substance whose critical temperature is 
above the room temperature is known as vapour while that of a substance 
whose critical temperature is far below room temperature will be known 
as gas. Critical temperature is that temperature above which a gas can 
never be the liquified by pressure alone, 

3. If during experiment the temperature changes or some amount of 
gas escapes due to leakage, then will the values of PY remain constant 
throughout ? 

No; for PV will remain constant so long as the temperature of the 
gas and its mass remain constant. 

4. What is a perfect or ideal gas ?—The gas which obeys Boyle's law 
is known as the perfect or ideal gas. 

5. What is the harm if the gas employed is moist 7—As water vapour 
does not obey Boyle’s law, presence of water vapour in the gas will 
not make (PV) constant. 
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6. If the temperature of agas vary then what relation is obeyed by 
the gas ? 

The relation PV/T =R, is obeyed by the gas, where the temperature Т 
isin the absolute scale, The constant R is called gas constant, If one 
gm. molecule of a gas is taken then R is constant for all gases, 

7. At each step, why do you wait for sometime before recording the 
pressure and volume ? [See Precaution (iii)]. 

8. What is the cause of the pressure of a gas ?—The gas molecules are 
moving at random within a closed space and when they collide with the 
wall of the vessel, the wall experiences a pressure. 

9, What is the idea about absolute zero ?—4A bsolute zero is that tem- 
perature (which is—273°C) at which the gas molecules are motionless. 

‚ 10. What is the nature of (Р-У) curve ;—Rectangular hyperbola. 


22. Verification of the laws of limiting friction 
by using an inclined plane. 

Apparatus: (i) Inclined plane, (i) weight box, (ii) metre 
Scale, (iv) wooden block with unequal top and bottom faces, 

Description of inclined plane : The section of an inclined 
plane is shown in the figure 21. In this figure, AB represents 
the section of the inclined plane whose lower edge B is hinged 
to one edge of the rectangular horizontal base BC. The upper 
edge А of the inclined 
plane can be raised ог, 
lowered along a verti- 
cal stand AO which is 
also graduated in cms. 
If necessary, the upper 
edge А ofthe inclined 
plane can be clamped 
at any point of the 
vertical scale 40. 
From this vertical 
scale, the height of the end A of the inclined plane from the 
base BC can be obtained. The length of the base BC can be 
measured by a metre scale. 

Theory : When one body moves or tends to move ona 
rough surface, a force is always called into play along the 
common tangent to the two surfaces in contact, which resists 


Fig. 21 
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or tends to resist any relative motion between the two surfaces, 
This resisting force is called the force of friction. But when 
the body is just on the point of moving or sliding on a rough 
surface, the force of friction then called into play is maximum. 
and is known as the limiting friction. The limiting friction 
satisfies the following two laws :— 6 

Law L—The magnitude of the limiting friction (F) always. 
bears a constant ratio (и) Бо the normal reaction (R) between 
the two bodies in contact. Normal reaction (R) is equal to 
the pressure which the plane exerts on the body in the upward 
direction along the common normal to the surfaces in contact. 
Thus #/R=e(constant). This constant із known as the co- 
efficient of friction. 


Law II.—The co-efficient of friction between the two bodies. 
depends on the nature of roughness of the materials of which 
the bodies are composed, but not on the shape or extent of 
the surfaces in contact. 


To verify the laws, a body of weight W should be put on a 
rough inclined plane whose inclination with the horizontal is. 
6 (Fig. 91). If the body is just on the point of sliding down the 
plane, component of the weight W perpendicular to the plane. 
viz., W cos 0 will just balance the normal reaction E, while the 
component of the weight W down the plane, viz., W sin 6 will 
just balance the force of limiting friction (27) acting up the plane. 
Hence we get, W sin 0=F and W cos 0— R. By taking the 
ratio, we get, tan 0=(F/R)=u. But from Fig. 21 we see that,. 
tan 0=(AC/BC). Hence, (AC/BC) = u= constant. 

Procedure: (i) The wooden block with a suitable load on 
it (say 100 gms.) is placed near about the middle of the inclined 
plane and the inclination 0 of the plane with the horizontal 
is gradually and slowly increased until the block just begins 
to slide down the plane. At this time, the height ДАО of the. 
upper end of the plane from the base BC is noted from the scale 
on АС. This procedure is repeated thrice and the mean value 
of AC is found out. 

(ii) The length BC of the base is measured by a metre. 
scale and the ratio of AC and ВО, i.e. AC/BC is found out. 
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(iii) Five more different weights from the weight box, are 
now saccessively put on the block and the operation (2) is 
repeated. In each case, we shall see, that the ratio of the 
height of the plane to its base, viz, AC[BC is remaining 
constant, which verifies the first law of limiting friction. 

(iv) To verify the second law, the block is put on the inclin- 
ad plane with its upside down so that the extent of the surfaces 
in contact may be different. This time also, thé entire 
operations from (i) to (221) are repeated and in all these obser- 
vations also, we shall see that the ratio of the height of the 
plane to its base, viz., AC/BC is remaining the same as in the 


previous seb of operations. This verifies the second law of 


limiting friction. 
Experimental data : 


| Bloeksur- |i Mean | Length |n, tio = 
{| face in соп- А ofithe AC |Remark сле 
à base in| «=== 
tact with | *—75 E 
the plane. ^ om. |em. (ВО) 
First 
Bigger face law is 
inu ISO verified 
ete. etc. 
—{- б 
Smaller Second 
face in law is 
COATH i verified 
| ete. etc. 
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Precautions: (i) The degree of roughness of the inclined 
plane cannot be expected to be the same a& all places and 
hence block should be placed at the same place in each 
observation. 

(ii) The block should be placed on the inclined plane in 
such a way that the fibres of the block and that of the plane 
may bo parallel ; otherwise friction would be different. 
ʻu * (iii) The surfaces in contact must be dry ; otherwise frio- 
tional force would be different. 

(iv) The plane should be raised very slowly to find the 
actual inclination of the plane аб which the motion of the block 
just ensues. 


Oral Questions and their Answers 


1. Define (a) friction, (b) limiting friction, (с) coefficient, of 
friction, (4) angle of friction. 

For (а), (b) and (c)—See Theory. (4) Angle of friction is the angle 
' which the 1esultant of the force of limiting triction and normal reaction 
makes with the normal reaction. ' 

2. Distinguish between (0) static and dynamic friction ү) sliding 

‚апа roliing friction. 

(a) (i) When a body rests in contact with a rough TES and is acted 
on by external forces urging the body to move on the surface, the force of 
friction, which iscalled into play at the point ofcontact, before their rela- 
tive motion ensues; is called static friction which can attain a maximum 
value known as the limiting friction. (ii) But when the relative motion 
between the bodies begins, the force of friction then exerted is called 
dynamic friction whose value is slightly less than that of limijing friction, 

(b) (i) А rough surface always contains minute ups and downs, Sliding 
friction is due to the inter-locking of these irregularities of the two 
surfaces in contact. (22) When one body rolls on a surface, tHe supporting 

- surface is depressed a little creating a ridge in front of the rolling body. 
Rolling friction is due to the constant climbing of the rolling body over 
these minute ridges of the surface. The coefficient of rolling friction is 
much smaller than that of sliding friction. : 

3. ' How the friction between two moving surfaces is reduced ? 

If non-corrosive liquids or solid particles (such as particles.of graphite) , Ў 
are introduced between the surf:ces, the triction becomes minimum. The 
liquids keep the surfeces separate, while the solid particles ; act as rollers 
between the moving surfaces by which friction is reduced. 
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4, What are the advantages and disadvantages of the existence of 
friction ? 

Walking on roads, stopping of train, driving of mechinery by belts are 
all possible due to friction. The moving parts of a machine generates 
much heat by friction, as a result energy is unnecessarily wasted. To 
reduce this wastage of energy lubricants are employed. 

23. Determination of the coefficient of viscosity of 

a liquid by its flow through a capillary tube. 
. Apparatus: First arrangement :—The apparatus employed 
to determino the coefficient of viscosity of a liquid is shown in 
Fig, 22. Ib consists of а constant-level tank № in which 


there is the inflow pipe I 1 
шс 
and outflow pipe О. A п б 
eje ы ет 
i 


capillary tube C of about 
40 to 50 ems. long is 
attached to a glass tube @ 
by a rubber tube K. The 
capillary tube С is 
‘almost of uniform bore 
and is kept slightly in- 
clined to the horizontal. 
The tube G ends above Fig. 22 


‘the rubber cork E which 

closes the bottom of the tank N. Tho supply of liquid through ` 
T is slightly in excess of that fiowing out through the capillary 
tube О and this excess liquid flows out through the tube O. 
The height of the free surface of the liquid in the tank N 
above the outflow end Æ of the tube C can be measured by а 
cathotometer. 

Second arrangement :—Another arrangement shown in 
Fig. 22(a) may be conveniently employed in the laboratory to 
find the coefficient of viscosity (n) of a liquid. V is a glass 
vessel which contains the experimental liquid. The month of 
the vessel is closed by а rubber cork R, through which passes а 
glass tube ТО, open at both ends. The lower end O remains 
the surface of the liquid in V. As the liquid flows. 


well below 
air bubbles from the atmosphere enters the 


out of the vessel V, 
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vessel V through the tube T, by which the end О of it always 
remains at atmospheric pressure, so long at the liquid level in V 
remains above О. 


Fig. 22(a) 


The liquid from V flows to the junction at C through ь 
screw cap S, thence through the capillary tube АВ of known 
length (1) to the junction at D and thence to the beaker Е 
through a rubber tube. Тһе thermometer M measures the tem- 
perature of the liquid in the beaker K. The screw cap S should 
be so adjusted that the liquid may issue, out in a very slow 
stream or in succession of drops. If the height of liquid in the 
arm GH of the manometer N is not appreciable then a second 
screw cap is бо be applied in the rubber tube from D which goes. 
to the beaker K. The difference of liquid levels (л) in the two. 
arms (EF and GH) of the manometer (N) can be measured by a. 
eathetometer. When everything is steady, the liquid should 
be collected in the beaker IKR 


Theory: When the pressure difference P(=hpg’, under 


which the liquid flows through a capillary tube, is not very large, 
i.e. the motion of the liquid is in streamlines, the volume (V) of 
the liquid that flows out in one second through a capillary tube 
of radius r (radius of the bore of the tube) and length J is 
given by 
_7Pr* 
"= ва 


go 
e 
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Here is the coefficient of viscosity of the liquid, 

пру“ 

STU (1) 
The relation (1) may be employed to find the coefficient of 


viscosity (7) of liquid. 

Procedure: (i) The length 1 of the capillary tube (which is 
about 40 ems. long and 1 mm. in intornal diameter) is measured 
thrice by a scale and its mean value (2) is found out. 

(ig) The bore of the capillary tube is first washed with dil. 
caustic soda, then with dil. nitric acid and Snally in & stream of 
cold water. Tho tube is then made dry by passing hot air in it 
and a column of mercury covering almost the entire length of 
the tube is sueked in it. The lengih (L) of this mercury 
column is measured thrice by a scale and its mean value (Z) is 
found out. This mercury is then weighed ina crucible whose 
mass is already known. From this, the mass m of mercury is 
obtained [Table I]. ‘Tho value of »* and hence »* is determined 
from the relation, 
m=nr*? х 13`6. [Table i] - (2) 

(iii) A cathetometer, kept at a distance, is adjusted in such 
a way that its pillar is*vortical and the axis of the telescope is 
horizontal at its every position. The cross-wire of the telescope 
is then focussed by avoiding parallax. Тһе telescope is then 
focussed successively on the surface of the liquid in the tank N 
and the axis of the outflow end # of the capillary tube C. [or the 
telescope is successively focussed on the surfaces of liquid in the 
two arms EF and GH of the manometer N,—Fig. 22(a)]. The 
readings A, and Re of the’ vernier and scale are noted in each 
case and the difference of these two readings (B,—B,;) gives 


or j= 


the value of h. ч 
(iv) The temperatare of the liquid (7°C) in the tank is noted 


by в thermometer and the density (р) of the liquid at this 
“temperature is either determined by a sp. gr. bottle or found out 
from а table. Then the value of P =hpg is found out. 


(v) The mass (4/1) of an empty beaker is first determined 


by a balance and then the outflowing liquid is collected in it. 
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for a known interval of time ¢ (determined by a stop-clock) until 
the beaker is half-full. Тһе mass (ЛГ, + M) of the beaker 
with the liquid in 16 is found out and the mass of the liquid 
collected in ¢ seconds is thus given by M. Hence the volume 
(V) of the liquid collected in one sec. is V — M/pt. 

(vi) The experiment is repeated for different heights of 
liquid, taking care that the motion of the liquid always remains 
in stream lines. If desired the experiment may be repeated with 
another capillary tube. 

(iii) A graph is then to be drawn with h along the a-axis 
and the corresponding value of V (volume of liquid flowing outi 
per second) along the y-axis. This graph will indicate the 
variation of V with h. 

Experimental data : 


(A) Measurement of length (1) of capillary tube :— 


Ose Shoe Sera 
l= — = e. cm, 


3 
(B) Measurement of radius () of capillary tube :— 
TABLE I 
р u E Ф 
ЕЕЕ 
зя |_a | #28 | s+24 X 
oan - o of H 
аач |a {Ое 255 E 
Ея 228 | 399 | = 
FE а | 22 | авт 
EE 3 ES Su da 
е, Sr ENE 
(i) ... +... 
(8) ... | .. | —...gm. 
(ёва) 2. 


———— 


(C) Cathetometer readings to find P (=hpeg) :— 


Value of 1 small division of main scale — om. 
Tota) number of vernior divisions (v.d.) = aoe 

= wd. = Ez s.d. 

7.124. = oe s.d. 


Vernier constant (v.c.)=(1 s.d.— 1 v.d.)= + ош. 
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TABLE II 
MM 


{ = 
| Reading of lig. level | Reading of the axis 
1 inthetenkorin | oftubeCatEor|. |3 |54 € 
1 the arm ÆF of of liq. ləvel in the |B [5 |. 5 ni 
8 manometer in arm GH of mano- |? Sif 0}-2 aic, g 
> A axf pja sue 
o em. (84) meter in em. (Ra) -|7 7) ei /8 SU + 
5 8 |ы 
> == == Bo ex Eu 
E Ss |! E E Е = 
^ lo ЖЫ LIT ELS =>, PEERS as go @ ру 
че 5x SPs Bx mL Ags 
sa sX уызга 22 (+18 е E 
a ak uu Bk EPA E P4 
$& jo = $2 |5— 
>a a Б т a 
| Led Cede |. tress ss pee] e. sn [ens e 
Я! 2|[..|C)x(-J1!- р EE E EE 
2 | 
| eto. otc. etc.  |eto. jote, etc. Jeto. Jet. jete, etc. jeto. 


| БЕ А .[exc2 eN siea 
(D) To find volume (V) of liquid collected in one 


second :— 


TABLE IIT 


еа Ya 
E] ; 8 a Timeof |55 o 
© Mass of empty Маек, beaker’ Жа =з collection |959 9 
`5 beaker inni fs s 33 51 of liquid 8 ак 
ò (M1) ar, n ess їп вөсв. |2158 d 
а : 27385] Feat 
Em. +.. gm. .. gm.+.. gm. ...-MiQ....8803. 
1 +,,.mg.+...m8- +,..mg.+.. mg. ee . 8809. "5i 


. gm. 


Tocem. 
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(E) To find n :— 


TABLE IV 


a ; 

ә density " Mean 7] 
© | ^ | potlig.at a [at T°O | at T°C 
© fex temp. 7°C T in c.g.s. |in c.g.s. 
g in gms./c.c. unit unit 
Zi 


Calculations : 


TPr* mhpgr* -1 -1 
Sees Eco gms. cm, * see. * at 7' C. 
n 17] STI gms. ста ee. a 
Precautions: i) Since radius v occurs in the fourth power. 


the bore of the capillary tube should be as uniform as possible 
and this ean be previously tested by introducing a short column 
of mercury in the tube and measuring its length at various parts. 

(i) Owing to capillarity the outflowing liqnid from the end E 
of the tube С may run back along the outside of the tube. То 
prevent this, either tho tube should be kept slightly inclined tc 
the horizontal or little vaseline should be smeared on the out- 
side of the tube near its free end, when the capillary tube is 
kept horizontal [for first arrangement]. 

(i) The pressure difference, ander which the liquid flows. 
must not be high to make the flow turbulent which will be 
evident from the straight line curve obtained by plotting V 
along the y-axis and h along z-axis, 

(iv) If the error due to kinetie energy of the liquid and its 
acceleration near the entrance end of the capillary tube ie 
to be eliminated, the following relation is to be employed 
to find 7. 


a PEU _ ky? 
77 8y( 1:64," e I. 
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The value of k is approximately equal to unity but for 
accurate work its value should be determined by calibration. 
(v) For greater accuracy, the quantity of liquid collected 


should be appreciable. \ 
(vi) The temperature of the liquid should be noted carefully, 


for the value of its viscosity changes rapidly with temperature. 


Oral Questions and their Answers 


1. What do you mean by the term ‘viscosity’ and ‘coefficient o: 


viscosity’ of a liquid ? 

Whenever there is a relative motion between two layers of a liquid 
a tangential opposition torce is set up between the layers to destroy 
this relative motion. This property of the liquid is called viscosity anc 
it is analogous to friction. This tangential force per unit area on either 
of the two liquid surfaces, when there is unit velocity gradient between 
them, is known as the coefficient of viscosity. 
2. What do you mean by streamline motion and turbulent motion ! 
When the pressure difference, under which the liquid flows in a capillary 
tube is small, the particles of the liquid move in straight paths and this 
kind of motion of liquid is known as streamline motion. When the 


pressure difference is made large, the particles flow in zigzag paths and 


this motion is called turbulent motion. 

3, How does the соћесіепе of viscosity change with temperature ? 

In the case of liquids viscosity diminishes with temperature, while ir 
the case of gases it increases with temperature. 

4. Discuss the nature of flow of liquid in a capillary tube. 

When streamline motion occurs, the layer of liquid in contact 
with the capillary tube is at reat while the velocity of the other layers 
increases as we go towards the axis of the tube at which the velocity is 
maximum. 

5. Which quantity would you measure with great care ? 

As the radius of tube occurs in the fourth power, it should be measurec 
with great accuracy and proper care should be taken to select a tube ot 
uniform bore. (See precautions). 

6, What is the harm if the capillary tube is not horizontal ? 

If the tube is horizontal, then the height В of the liquid is to be mea- 
sured from the liquid level in the tank to the axis of the capillars 
tube, When the capillary tube is inclined, the height В of the liquid is to 
be measured from the liquid level in the tank to the free end E of the 


capillary tube C. 


^ fon? 
7. What іє the unit of the coefficient of viscosity ? [See Calculation’) 


90 PRACTICAL PHYSICS 


24, Determination of surface tension of a liquid 
by the capillary tube method and to verify Jurin's law. 


Theory: If а capillary glass tubo of almost uniform 
circular bore is partly introduced in a liquid which wets glass: 
and is kept vertical, the liquid rises in the tube. If h be 
the height of the base of the concave mensicus in the tube 
from the outer level of the liquid and if r be the internal radius 
of the tube аб which the meniscus stands then the surface 
tension T of the liquid is given by 


T= Pg), е (1) 


where р is the density of the liquid and g is Ње acceleration’ 
due to gravity. 


Procedure: (i) A long glass tube of almost uniform boro 
of about $ a centimetre in diameter is selected and its bore is 
cleaned. From this tube, five or six capillary tubes of different 
diameters are drawn. Tho bores of the capillary tubes should 
be as uniform us possible.* 

(ii) These capillary tubas are fixed parallel to each other 
on a strip of glass plate by soft wax. [To fix the tubes parallel 
fo each other, a graph paper is placed below the glass strip and 
each tube is fixed on the glass strip, coinciding with a linc on the 
paper. The distance of separation between two neighbouring 


"Ihe selected glass tube is first cut into several pieces so that each 
piece is about eight inches long. The inside of these pieces is first 
cleaned by moving a clean cotton pad several times by a thin rod. 
Next the pieces are washed with dilute nitric acid, and then with dilute 
caustic soda solution and finally in a stream of tap water (not distilled 
water) They should be dried in alcohol and ether. 

Each piece is then to be heated at the middle bya fish-tail burner: 
by keeping it in a slow and continuous rotation. When the heated 
portion becomes red hot and soft the two ends are pulled out to get 
а capillary tube at the middle. The bore of the capillary tube formed 
at the middle will be wide or narrow according as the pull is slow or 
quick. In this way, six or seven capillary tubes of almost uniform 
circular bores but of different diameters are cut off from the drawn 
portions. 
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tubes may be equal to two small divisions of the graph paper.] 
A clean needle with pointed ends is also fixed to the glass strip 
parallel to tho tubes but not close to them, in order that the 
capillary action between the needle and its adjacent tube may 
not arise. The glass strip is kept clamped by а stand, so that 
the tubas are all vertical. 


(iii) A clean glass beaker is filled almost completely with 
the given liquid and its temperature 01°C is noted. 


CLAMP 


CAPILLARY 
„7 TUBE 


Fig. 23 


The position of the stand is arranged, 80 ө the gas 

; rtical with their lower ends immersed in the liquid, 
XD ee эг end of the needle just touches the liquid surface. 

while the lowe p E oa ob. ark tare ШЫ уш 

Tho arrang орог in the liquid and thon should be raised,' 
НЕ of the needle just touches the liquid surface. 

until the 10 
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By this, the inside of the tubes above the meniscus will be well- 
wetted. 


(iv) With the help of ә spirit level, the base of the travel- 
ling microscope is made horizontal with the levelling screws 
attached to the base. The axis of the microscope tube is alse 
mado horizontal by putting the spirit level on it and by adjus- 
ting its inclination, The cross-wire of the microscope is sharply 
focussed. 


(v) The base of the microscope is adjusted, so that its 
horizontal movement becomes parallel to the plane of the 
capillary tubes, Ву this adjustment, if the liquid meniscus, in 
one tube is focussed, then that in other tubes also will remaip 
focussed. То make the tube perfectly vertical, the glass strip 
(on which capillary tubes are fixed) is slowly rotated in its own 
plane, until the centre of the cross-wire always goes along the 
axis of the tube as tho microscope is raised upwards. (If one 
tube is made vertical in this way, all othor tubes will also be 
vertical, for they are fixed parallel to each other. 


(vi) The microscope is adjusted until its horizontal cross- 
wire becomes tangential to the image of the ‘needle-head. The 
reading (E.) of the vertical scale and vernier is noted. Then 
the microscope is shifted horizontally (and also vertically) until 
the horizontal cross-wire becomes tangential to the base of the 
concave meniscus in the first tube. [As the image seen within the 
microscope is inverted, the horizontal cross-wire should be made 
tangential to the observed convex surface of the meniscus.) 
The reading (R) of the vertical scale and vernier is noted. 
In this way tho readings corresponding to the base of the con- 
cave meniscus of second, third, etc. tubes are noted. Then the 
difference (v) between tho readings of the needle-head (R1) and 
the base of the concave meniscus (Ra) in each tube is found 
out, Фе. we fndt=R,~R,. Tfl be the length of the needle, 
the height of the meniscus from the level of liquid in the 
beaker, is given by = 1-х. [The+or—sign should be taken 
agcording as the needle-head is below or above the meniscus.] 
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The temperature 6.°С of the liquid is again noted and the 
mean temperature 0—(0,--0.)/2 of tbe given liquid during 
the experiment is found out. 


(vii) The position of the meniscus at each tube is marked 
hy an ink dot on the outer surface of the tube. Hach tube is 
aut at the ink dot by a sharp file or better by a fine-grained 
sand paper. These tubes are then fixed parallel to each other 
эр the strip of glass, by a soft wax so that the cut ends of all 
tho tubes are in one straight line. The glass strip is kept 
alamped with its surface horizontal, so that all the tubes are іп 
she horizontal plane and the cut ends of all the tubes are 
Airected towards the microscope (whose axis is horizontal). The 
hase of the microscope is adjusted, so that its horizontal line of 
&raverse becomes parallel to the straight line joining the cut 
nds of the tube. 


(viii) The microscope is then focussed on the cut end of 
she first tube and the vertical cross-wire is made tangential to 
she left side of the inner bore which is almost circular and the 
»eading (Rg) of the horizontal scale is noted. The microscope 
ig then moved horizontally until the same vertical cross- wire 
becomes tangential o the right side of the inner bore. The 
reading Ra of the horizontal scale is noted. The horizontal 
diameter D.( — Rs ~ Ra) of the bore is thus found out. 

Then in the same manner, the readings E, and E, of the 
vertical scale are noted, when the horizontal cross- wire becomes 
tangential to the lower end and upper end of the inner bore 
of the capillary tube. The vertical diameter is then given by 
D,=(Bs~B.). The mean diameter D=(Di+D,)/2 of the 
rst tube is thus determined, from which the radius r (= 2/9) 


is found out. 


Proceeding in this way, the mean radii of other tubes are 


determined. 
(iz) The length 1 of the needle is measured by putting 
o base of the microscope and taking the 


it horizontally on th 
dings obtained from the horizontal 


difference of the two rea 


94 


PRACTICAL PHYSICS 


scale, when the vertical tube of the microscope is focussed on 
the two ends of the needle successively. 


1 smallest division of the scale = eee E 
SE v.d.= m s.d. 
DE lvd.= ө s.d. 
v¢.=1s.d.-lvd.= · aee s.d. = 
Initial temperature of the liquid 20,0 = ө te 
Final ^ b TP WES ES one “ce 
Mean temperature of liquid during experiment= 
= (0, + 0„)/9= NGC: 
TABLE I 
Readings in сш. of E 
1 аз 
5 az | сд! 
$ needle-head meniscus-base a Ө a 
E = =[——| g | ?? 
| a H > i SI EET -8 
£t sees е Еа e ln P Th a е 
ёт |В>| за | aS || а" | s 
кы ERSTE] ase ООН БЕ 
1. | 
2. | 
ete. | 
7. ! j 
| і 


(x) The sp. gravity (р) of the given liquid is determined by 
employing а sp. gravity bottle, 


Experimental data : 


(A) Constants of microscope and determination of h :— 


E 


em. 


em. 
°C 
°G 


ө°с 
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(B) Measurement of radius (т) of the tubes :— 


TABLE II 
ааа 


Resdings іп om. for the m 
8 = i 5 5 
p G leftor lower | right or upper Dismeter 5 S] a 
© end of the end of the : g Bia асу 
] Ea ETE 
3 bore from, bore pong Sag $^ 
8 T ра a 1 je 4 
4 E е js. S ы = а {= 
" A. |52182 E+ а $ 
: | eB ) = 
hori- 
zontal | <e | - |. Bal i | S | 
27 
verti- 
cal |: ] s «= Reg] |... .=Ёв| D a eee 
hori- | 
zontal| — | = fe =B e] Е .=Е,| Р; aun 
ДЕ AS ‚| eT Re Den Rene 


(C) Measurement of the length (0 of the needle :— 
TABLE III 


, 


Readings in ош. for the | 


l. 
End I End II "Length in 
om.=l= 
: и (zn) 
Vernier | Total =F | Scale | Vernier | Total — &* 
(Vo (S+V) | (5) (V) |=(S+v) 


ПЕТРЕ 


1 
[с 


96 PRACTIOAL PHYSICS 


(D) Determination of the density (p) of liquid :— 


Temperature of water employed = С = dx 226 
Density of water at С =p, =... .. gms./cc, 
TABLE IV 
i liq. 
Mass of Mass of bottle | Maas of bottle penny ots 
empty bottle +liquid +water at t?C. =” р=—® = wt 
=W, gms. =, gms. | =W, gms. anes 


(E) Calculalion of T :— 


TABLE V 


Surface 

Effective Radius tension is 

height inom.| in em. ^ т 007 
W=h+}r r 9 


=| dynes per cm. 


«(from 
mean k'r). 


... (from 
graph). 


(E) Verification of Jurin's law :— 


According to Jurin’s law hr should remain constant. 
Almost constant value of h'r as shown in the fourth column 
of the Table V verifies the law. A graph is to be drawn with r 
as abscissa and the corresponding value of h’ as ordinate. 


The graph would be found to be a rectangular hyperbola which 
also verifies the law. 


Calculation of Т: The mean value of Wr, as obtained 
in column five of Table V as also the values of h’ and 7 from a 
point on the graph should be employed to calculate surface 


T 
ү 
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&ension. Thus the surface tension of the liquid at its mean 
temperature 0°О is given by, 
т 10700 
2 

Precautions: (i) The surface tension depends оп the 
radius of the tube at which the liquid meniscus stands. As it is 
difficult to соб the tube exactly at the position of the meniscus, 
she tube should be of as uniform bore as possible. 

(ji) The tubes should. be made perfectly vertical. This 
should be done in the manner as described in the procedure. 

(ii) As surface tension depends on temperature, the 
temperature of the liquid should be noted before and after the 
experiment, The surface tension thus determined will corres- 
pond to this mean temperature. 

(iv) As surface tension is lowered by the presence of a 
small amount of, grease, the vessel and tubes must be clean 
and the lower part of the tubes should not be contaminated by 
band during the fixing of the tubes to the strip of the glass. Tap 
water and not. distilled water, should be employed in washing. 

(v) АП tubes must be fixed parallel to each other and for 
this purpose & graph paper should be placed below the glass 
strip end each tube should be fixed coinciding with a line of 


-+ dynes/em. 


the paper. 
(vs) The horizontal line of movement of the microscope 


should be parallel to the plane of the tubes. 


Oral Questions and their Answers 


1, Define (a) surface tension, (b) angle of contact, (c) cohesive and 
adhesive forces. Р | 

(a) Ifa straight line of unitlength is drawn on the liquid surface, 
the portions of the suríace on opposite sides of the line tend to draw 
away from each other with a force which is perpendicular to the line and 
tangential to the liquid surface. This force is called surface tension ‘and 
its unit in c.g.s. system is dynes per cm. 

(b) The angle of contact between-a glass plate and the liquid is 
the angle, which the tangent to the liquid surface at the point of 
contact makes with the immersed surface.of glass. It isacute for liquids 


T 
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which wet glass (such as water) but obtuse for liquids which do not we: 
glass (such as mercury). 

(c) Cohesive force is the force of attraetion between two similar 
kinds of molecules, while adhesive force is the force of attraction between 
two dissimilar kinds of molecules. 

2. Will all liquids rise in the capillary glass tubes ? 

No. The liquids, which wet glass and whose angle of contact is acute. 
will rise in the tube and its free surface in the tube will be concave 
upwards, The liquids, which do not wet glass, will be depressed in the 
tube and its free surface in the tube will be convex upwards. 

3. What is the efiect of temperature and electrification on the 
surface tension of a liquid ? 

Surface tension decreases with the rise of temperature of the liquid 
and the state of electrification of the surface. Surface tension disappear: 
at critical temperature. 

4, Does the medium in contact with the liquid surface influence the 
value of surface tension 7 

Yes; the value of surface tension of water in contact with air is 
nearly 74, while that in contact with its own vapour is 71`4, nearly: 
The value of surface tension of water is much lowered in contact 
with oil. ? 

5, Can you name some phenomena on surface tension ? 

Spreading of oil on water, calming of waves by oil, gyration of campho: 
on water, floating of thin iron needle on water, formation of dew drops 
are examples of phenomena based on surface tension, 

6. How does the surface tension of pure wter differ from that of 
the solution of a salt in water ? 

Н n gm.-equivalents of a salt are present in one litre of a solution, 
the surface tension of the solution (Tn) is related to that of pure 
water (T) at the same temperature by the relation T5 T4 An, 
where A is г constant which is different for different salts and is 
nearly 2. 

7. Willthe height of liquid in the capillary tube be affected by 
change of the diameter of the tube ? 

Yes the height will be inversely proportional to the radius of the 
tube where meniscus stands, 

8. Why dc you measure the diameter of the tube at the position о} 
meniscus and nowhere else ? — [See Precaution (i)]. 

9. Do you consider the method an accurate one ?—No, for (i) the 
angle of contact, which was assumed to be zero, is rot so, (ii) the liquid 
surface cannot be made perfectly clean and (#93) it cannot be adopted to 
measure surface tension at different temperatures, 
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25. General Precautions to be taken in the experi- 
ments on heat. 


(a) In handling thermometers: (i) The bulb of the 
thermometer should never be griped by hand. 


(ii) It should never be introduced in a bath whose 
temperature is expected to be higher than the maximum 
temperature for which it is intended. 


(i) When tbe reading of thermometer is to be taken, 
parallas should be avoided, i.e., the line joining the eye and 
the mercury meniscus must be at right angles to the stem. 


(iv) When determining the actual temperature of a bath, 
the zero-error of the thermometer should be previously 


o 


determined. 

(w) When two or more thermometers are employed to 
noto the rise of temperature (but not the actual temperature). 
the mean value of the rise of temperature shown by different 
thermometers should be taken to avoid the different zero- 
errors of different thermometers. 


(vi) To record the temperature of a substance the bulb of 
the thermometer should be kept very close to the hot body but 
not in contact with it. 


(vii When a substance of appreciable dimension, or & 
substance confined in & non-condueting enclosure, is to be 
heated by introducing it ina hot liquid or vapour bath, the 
temperature of the bath (as indicated by a thermometer kept 
immersed in the hot liquid or vapour bath) should be maintained 
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constant for an appreciable time (say, five minutes) so that the- 
temperature of every part of the substance may be equal to that 
of the bath which is really measured. 


(viii) When а badly conducting substance is to be heated, 
it should be preferably broken out into small pteces, so that the- 
temperature throughout the mass of every piece may be the 
same, 


(iz) The thermometer should be introduced in the hot 
bath in such a way that the length of the mercury column 
outsidé the hot bath may be as small as possible, 


(х) То obtain greater accuracy in the measurement of 
small changes of temperature, а thermometer, reading 15°С, 
should be employed (as in the sp. heat experiment). 


(ci) When noting the temperature of a room, the bulb of 
the thermometer must not be moist and the thermometer should 
be kept аб а place which is far away from the hot or cold body 
and where there is no current of air, 


(b) In heating a chamber or a bath of liquid : (i). When 
a chamber is to be heated by steam, water taken in the boiler 
for producing steam must not be too small or too large. 


(i) If a moderately long chamber is to be heated by: 
steam, two thermometers are to be employed,—one near 
the entrance pipe and the other near to the exit pipe of steam. 
The mean value of the changes of temperature shown by: 
the two thermometers should bo accepted (as in the case of 
expansion of a solid, by microscope and optical lever and also. 


in the case of expansion of mercur 
y by Dulon 
apparatus). & and Petit’s. 


(ii) When a solid is heated in hot air, as in steam 
heater, steam should be passed for an appreciable time until 


the temperature of the hot air is nearly the same as that. 


of steam. 
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(jv) When a substance is heated by introducing it in 
‘a liquid bath heated from below, the liquid should be stirred 
continually to have a uniform temperature throughout the 


mass of the liquid. pee 


(v) If the vapour of the liquid in the hot bath is infla- 


-mable, proper care should be taken mot to bring the flanie in 


direct contact with the vapour and the vessel containing 
the liquid should be long enough to keep the vapour аба 
safe distance from the flame. [As is employed in the deter- 
‘mination of the boiling point of benzene by platinum 
thermometer ]. | 


(c) In minimising the transference of heat from or to 


the body ? Transference of heat from or to the'body is an 


important source of error in calorimetric "experiment." The 
methods, which are adopted to minimise such transferance of 


heat are enumerated below. 


(i) To prevent the transference of beat by conduction 
and radiation the calorimeter and its contents should be kept 
separated: from the,hot sources by а wooden partition. To 
‘avoid further transference of heat, the calorimeter is kept 
suspended inside a copper vessel with: the help of three 
strings attached to the rim of a copper vessel. The copper 
vessel with the calorimeter suspended in| it: is kept inside 
a wooden vessel packed with a non-conducting material such as 
cotton wool. 


(ii) To minimise the loss or gain of heat by radiation the 
outside of the calorimeter and the inside of the copper vessel 
should be kept highly polished. 

e of loss or gain of heat by radiation will 
face area of the calorimeter and the 
e of the liquid in the calorimeter 


Again, the rat 
be smaller when ths sur 


area of the exposed surfaci 
is as small as possible. This minimum surface area will be 


approximately attained when the height of the calorimater is 
nearly 1°25 times its diameter. In spite of the precautions 
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taken above, some loss of heat will always occur by radiation, 
for which a correction will have to be applied by applying any 
one of the following methods '— 


1. In the compensation method, the calorimeter and its 
contents should be cooled (or heated) as much below (or above) 


the room temperature as the final temperature is above (or 
below) it. 


9. In the second method, correction for radiation is found 
out by continually noting the temperature of the calorimetric 
liquid after an interval of $ & minute, throughout an interval 
of time beginning from the introduction of hot solid within the 
calorimetric liquid up to the moment at which the temperature 
of the liquid falls below its maximum-attained temperature by 
about two or three degrees. (For details, see Expt. on the 
‘determination of sp. heat of a liquid’) 


' 3. In the third method, the fall of temperature of the 
hot body from its maximum-attained temperature during half 
of the interval of time required to reach its maximum tempe- 
rature is noted. When this fall of temperature is added to the 
maximum temperature, we get approximately a temperature 
which would have been attained, had there been no radiation 
at all. 


Thus if ¢ be the time required to attain the maximum 
temperature 6°С and if 2°С be the fall of temperature in time 
t/2 counted from the time £, the correct temperature of the 
bath is given by 


6’=(0+2)°C. [For proof seo Expt. on the “determination 
of Л]. 


26. Determination of the mean coefficient of 
linear expansion of a solid rod between room tempera- 
ture and steam temperature. 

(a) By travelling microscope. 


Apparatus: The rod AB, whose coefficient of linear 
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axpansion is wanted, is about 1 metre long впй is surrounded by 
а jacket J in which steam can be passed so as to heat the rod. 
The steam enters the jacket through the pipe P; and leaves 
it through the pipe Р». 


Fig. 24 


The thermometer T, whose bulb is introduced inside the 
jacket, records the temperature of the rod. [Sometimes two 
thermometers, one near the entrance end P, while another near 
the oxit end Pa are employed to have a mean rise of temperature 
of the jacket.] There are two travelling microscopes М, and 
М» at the two ends of the rod, by which the scratch marks 
S, and Sa af the two ends can be respectively focussed. The 
microscope can move parallel to the axis of the rod. The arrange- 
ment is shown in Fig. 24. 


Theory: The coefficient of linear expansion of a material 
ig the increase in length of unit length of the material for its 
rise of temperature of 1°C. If т be the increase in length 
of a rod of length l for a rise of temperature of t=(¢.—#3)°C., 
the coefficient of linear expansion of the rod is given 


<=alll == (s 76) -- ag 8 (01) 


by, 
where £,"C and t.°C are the initial and final temperatures 
of the rod. 


Procedure: (i) The rod is taken out of the jacket and 
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the distance between the two scratch marks at the two ends is 
measured thrice by a metre scale and its mean value is taken. 
[If the rod cannot be taken out of the jacket, then the distanee 
between the two scratch marks is to be measured by a beam 
compass.] Thus we get J. 


(ii) Тһе rod is introduced inside the jacket and a thermo- 
meter T is also inserted inside the jacket through a hole bored 
in a rubber cork closing the mouth of the tube E of the jacket. 
The cross-wires of the microscopes M, and M, are sharply 
focussed by moving the focussing lens in or out. The microscope 
tubes are then raised or lowered as a whole, until the two scratch 
marks S, and S are sharply focussed by avoiding parallax 
between the scratch and the cross-wire. One of the cross-wiree 
of each microscope is then made coincident with one edge of 
each of the scratch marks. The readings of the scale and vernier 
attached to each microscope are noted for two successive inter- 
vals only (each interval being 2 minutes). The thermometer 
reading (¢,°C) is also noted. 


(iii) The steam is then passed inside the jacket and after 
waiting for some time the reading of the thermometer will be 
found to be stationary at nearly 99°C. At this time two micros- 
copes are shifted parallel to the axis of the rod and for each 
microscope the same cross-wire is made coincident with the 
same edge of the scratch as before. Now the reading of the 
thermometer as well as the readings of the scale and vernier 
attached to each microscope are noted after an interval of 2 
minutes, until the final readings of the thermometer and those 
of the scale and vernier attached to two microscopes do not 
alter for at least 3 consecutive intervals. 


(iv) If #,°0 and 2,°C are respectively the initial and final 
steady temperatures of thermometer, then the rise of tempera- 
ture is (£9 —4:)O [When two thermometers (T, and Te) are 
employed, the rise of temperature indicated by each thermo- 
meter should be separately noted. The mean of these two rises 
of temperature should be employed to calculate « ]. If 21 be the 
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difference between the initial and final constant readings of the 
left-hand: microscope while zs be that for the right-hand micros- 
cope, the tctal expansion of the rod is z—2; + ts. Knowing, 
1, т and (ts — їз}, we can find < from the relation (1). 


Experimental data : 
(A) Determination of the length (1) of the rod :— 
(4)... + (ii)... + (Gta) 


ya GE шрын ome, 


3 


(B) Determination of the vernier constants of microscopes and 
noting the readings :— 


Left-hand microscope : Right-hand microscope : 


...mm. | Smallest scale division = :::mm. 
...у.й.=..-5.@. 
Л 1 v.-...8d. 


Smallest scale division — 


auis 


] 
B 
B 


= 
"BE | Readings for І.Н. Readings for В.Н. ЁН jg 
: >| #3 microscopeincm.of, microscope in cm.of| > t|g [E & 
BeOS [жузун LET ey er d 
еї B eee a+ 
LE doa C XL EE Heme aktia 
аря | gs ЖА е. Е 
в|а|р я js 202) їс 3 але Ec ES $23 
Sps = = Б Daj 
è| g sal ESX | 37 B2 SEX | es iLE 
8 B лє | Po а ораи o 
ea oie Ti Ts È RO = ER (> 


is passed 


Соп. | cm. cm. 


Betore steam 


hen temps. 
are steady 
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Calculation : 
Rise of temp. shown by 1st thermometer T, =#’ —(£, —£,) 


"M i ae апа » T, =" — (0.741) 
Mean rise of temp.=¢=(¢'+#)/2= |. °G. 
DEC aer = : 2. per’C, 


Precautions: (i) The microscope is to be moved parallel to 
the axis of the tube so that the shift of the microscope may 
become equal to the expansion of the rod. 

(28) Care is to be taken not to disturb the experimental tube 
after the passage of steam. 

(Gi) Care is to be taken to take water in the boiler neither 
too large nor too small: 

(iv) Focussing of the cross-wire and scratch should be such 
that there is no parallax between their images. 

(v) If two thermometers are inserted, the initial and the 
final readings of both the thermometers are to be separately 
noted, from which the rise of temperature for each thermo- 
meter is to be found out. The mean of these two ‘riso of 
temperature’ gives f£. 


Oral Questions and their Arswers 


1. Define coefficient of linear expansion. Does its value depend on 
the unit of length and scale of temperature ? E 

For definition see theory, It does not depend on the unit of length, 
for it is the ratio of two lengths. It depends on the scale of temperaturc 
employed, greater in ?C than in ?F. 

2. Isthe expansion for 1?C rise of temperature the same at all parts 
of the scale of temperature ? | 

No: the value slightly differs and we Bet the mean coefficient 
of expansion within the range of temperature which is employed for 
experiment. 

3. What precautions would you take in focussing the microscope ? 

First the cross-wire should be sharply focussed by moving the focussing 
lens in and out and the microscope tube should then be raised ог lowered 
as a whole until the scratch mark is sharply seen and there is no parallax 
between the cross-wire and the scratch mark on the rod. 

4. When will you stop in recording the microscope reading ? 


Recording should be stopped when the final readings of the micros- 
copes remain steady for at least five minutes. 
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5. Will the co-efficient of li i 
hos near expansion depend on the length of 
No : it depends only on the material of the rod. Ifthe rod be longer 
, 


the expansion is greater. 


(b) By optical lever. 

Apparatus: The apparatus is shown in Fig 25. This 
consists of a metal rod E, about а metre long, and is surrounded 
by steam jacket J having ап inle& tube 7 and an outlet tube 
О for steam. There are two 
other side tubes for the in- 
sertion of two thermometers 
Т, and Tz. The lower end 
of the rod rests on & plate 
of slate S fixed to the base 
of the frame FF in which 
the steam jacket with the 
rod R in it is fixed verti- 
cally. The upper end of the 
rod passes through the 
central hole of & glass plate 
G fixed to the top of the 
frame and projects à little 
above the glass plate. One 
leg of an optical lever is 
placed on the top of the rod, 
while the other two legs rest 
on the glass plate. 

An optical lever consists 
of an isosceles-triangled 
metal frame having three 
short legs at the three cor- 
ners. The leg at the vertex 


rests on the top of the rod, 
while a small plane mirror M with its plane vertical is attached 


over the other two legs fixed at the two ends of the base of the 


igosceles-triangled frame. 


Fig. 25 
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Theory: If = be the increase in length of а rod of length 7 
due to its rise of temperature from ¢,°C. to £4 ^C., then the co- 
efficient of linear expansion is given by <= 2/1, — ii). If the 
change of the temperature (t — 14) be taken as ¢ then 


Fig. 26 


Due to this expansion of the rod by a length z, let the arm 
of the optical lever of length a rotate by an angle 0. The mirror, 
fixed normally to the lever, also rotates by the same angle 6 


and goes from the position М; and М, [Fig. 26]. Hence we 
have 0 —z/a Et. (2) 


Rays from the two points P and Q of the scale S, after reflec- 


tion from M, and M, positions of the mirror, enter the telescope 
T (Fig. 26). The scale and the telescope are kept in front of the 
mirror. Hence 2Р00=90. и dı and d, be the readings of the 
scale corresponding to the points P and Q, the displacement of 
the scale image is d=di~d,. If D be the perpendicular 
distance between the scale and the mirror, then 

20-0. or 0-4. / SE Wat (3) 


From (2) and (3) we get, x — 49 =. 


| 
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Procedure: (2) The rod is taken out of the steam jacket: 
and its length is measured by a metre scale thrice. The mean 
of these three readings gives the length (J) of the rod. 


(ij) The rod is replaced in its position and the optical lever 
is placed with its mirror vertical so that its leg at the vertex 
may rest at the middle of the projected end of the rod. 


(iii) Two thermometers 7, and T's are introduced in the 
two holes of the steam jacket. Sometimes a single thermometer 
is introduced into either of the two holes in the steam jacket. 
4 metre scale is then placed vertically in front of the mirror at 
a distance of about 1 metre from it. The image of the scale in 
the mirror is focussed by telescope, whose cross-wire has already. 
been sharply focussed by the eyepiece. Then the parallax 
between the images of the cross-wire and the scale is completely 
eliminated. 

(iv) The readings of the scale, at which the horizontal cross- 
wire of the telescope coincides, as well as the reading of the 
thermometer are simultaneously noted for two times after an 
of 2 minutes. [When two thermometers are inserted in 
the steam jacket, the initial temperatures of both the thermo- 
meters are to be noted. Let the steady readings of the scale 
and of the thermometer be d; сш. and 1470 respectively. 


interval 


(v) Steam is then passed in the jacket and the readings 
of the thermometer and of the scale image are observed 
frequently, until the final readings of the thermometer and of 
the scale image are nearly steady. . At this time the readings 
of the thermometer as well as of the scale image arè to be noted 


after an interval of two minutes, until the final readings of both 


the thermometer and the scale image remain constant for at | 


least three consecutive intervals. Let da cm. be the steady 
the scale image and ¢,°C be the final constant 

Displacement of the scale image is given by, 
d — (d, da) and rise of temperature is = (ts — 21)" C. [When two 
thermometers are taken, the final readings of both the 
thermometers are to be separately noted. From each thermo- 


reading of 
temperature. 
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meter (/,—:4) should be determined and the mean of these twe 
values gives the actual value of (24 — #,)]. 

(vi) The distance between the scale and the mirror is 
measured by a scale along a horizontal line. Thus we 


get D. 

(vii) An impression of the supporting pointed legs of the 
optical lever is made on a paper, 
and when the imprint of the 

„three legs (1, 2, 3) are joined, we 
get an isosceles triangle [Fig. 
26(a)]. The length of the perpen- 
dicular drawn from the vertex to 
the base of this isosceles triangle | 
gives the arm a of the optical 
lever. Knowing all the quantities, 
we ean find « from the ralation (4). 


Poon eret ES 


Fig. 26(a) 


Experimental data : 


(A) Length of the vod (2) :— 


Dot 
[p TIT e 


3 


(B) Tüme-Temperature—Scale reading records :— 


"Temp. of a А 
а Diff. of 1st Distance 
Scale and last Temp. between 
readings|scale reading| difference | the mirror 
in cm. =d= =tin °C. | and scale 
(dy ~da) D. 
"8 bx (i) t= 
© (5-21) 
E =d, =... 
|: я Уй (ii) t= | 
(22—2,) | 
o0 ++ E le ye sot 2 
2 8 1 UU | Mean, ¢ Y 
EIS » Cu 
220 = 
See E 2 
3 =d; =... 
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(C) -Arm of the optical lever (a) :— 

Arm of the optical lever, as obtained by measuring the 
length of the perpendicular from the vertex 1 on the (2—3) 
line [Fig. 26(a)] ie ` 


a= 2293 LI 
3 em 
Calculation : 
ad 
Ed ee == e£. m оо. i 
ЛУП per'C. 


Precautions: (é) The scale is to be placed at an appreciable 
distance from the mirror, во that the displacement of the scale- 
image may be greater. 

(ii) Focussing of the cross-wire and the scale-image is to be 
so made that there is no parallax between them. 

(iii) No part of the apparatus is to be disturbed when the 
readings are recorded. 

(iv) As far as possible, the axis of the telescope should be 
in line with the arm of the lever, 2.6., in level with the lower 
edge of mirror ; otherwise the deductions for optical lever wil) 
be inaccurate to some extent. The arm of the lever should be 
measured very accurately. 

(v)—See itom (iii) of Expt. 26(a). 

(vi)—8See item (v) of Expt. 96(а). 


Oral Questions and their Answers 


1-2. Same as in microscope method (Expt. 26(a)]. 

3. As the coefficient of linear expansion «, involves the arm of the 
lever (a) and distance of the mirror (D), how will « be influenced by their 
variation ? А 

Nothing : « depends only оп the material of the rod. Increase of the 
arm a will decrease the value of the displacement of the scale image (4). 
while an increase of D will cause an increase of @. 

4. Why do you take a time-temperature record ? 

To show that the temperature has attained a steady value and the 


constant reading of scale-image signifies that the expansion s 


complete. 
5. Same as in microscope method [Expt. 26(a)]. 
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27. Determination of the coefficient of apparent 
expansion of a liquid by weight thermometer.* 

Apparatus: Тһе weight thermometer consists of a glass 
1 bulb G having a capillary 
neck N. This bulb can be 
introduced into а hot 
liquid bath B. A thermo- 
meter T, reading 1/10°C, 
records the temperature 
of the hot liquid in the 
beaker B. The neck N of 
the bulb can be intro- 
duced, when necessary, 
Fig. 27 into the given liquid 
The arrangements are shown 


taken in another small beaker Bi. 
in Fig 97. 
Theory: Let v, & va =internal volumes of. the bulb G 
at room temperature tı C and at 
higher temp. te О, 
жа & ma = masses of the liquid which fill the 
bulb completely at tı C and 7550], 
pi & pg = density of liquid at фу О and i230) 
y & п = co-efficients of,real expansion of 
the liquid and of the vessel. 


Hench ae vall + gtr) d poll + yta) 
à Me. Фара Vo(l- gis) po(l- vti) 


Ho Eran 1 
[ Pr үт 


_1+У —44), 
l+g'ta— tı) 
T. — me (y= te — ta) у ts), Ў 
97 me ltgüts-ti) 1 


"Instead of a weight thermometer, an ordinary specific gravity bottle’ 


may be conveniently employed which also gives ( as is seen by expt.) a 


satisfactory result. 
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Here У-9=7 = coefficient of apparent expansion of liquid 
and g being very small, the term 0 (£a — tı) is neglected. 


C y= Marı — Ng 2 ЧӢ 
Malte — ба) 700 


Procedure: (i) The mass (ш) of the empty bulb G is 


determined by в balance. 
(ii) The bulb G is then completely filed with the given 


liquid either by the ordinary process of pouring (when the neck 
N is wide, as in the case of asp. gr bottle) or by the repeated 
heating and cooling process (when the neck N is made capillary) 
by introducing the neck N always inside the liquid taken in the 


beaker Ві. 
(iii) The bulb G, filled with the 
pended inside an empty beaker Bby а fine bare wire attached to 


its neck, while its neck N is kept immersed in the given liquid 
in the beaker Bı. The beaker B is then filled with room- 
temperature water and this water is constantly replaced by 
fresh water until the thermometer T records а steady tempera- 
°G, for at least 5 minutes. The bulb G is now taken out 
in the beaker B by holding it by the suspension 
being no longer in the liquid of beaker B,) and 
ter surface of G is wiped out by a clean 
cloth or blotting paper: The mass (wa) of the bulb with tho 
liquid in it is determined by а balance. The difference between 
this mass and the mass of the empty bulb [i.e. (wg —2w3)] gives 
the mass (mı) of the liquid filling the bulb at room-temperature 


given liquid, is kept sus- 


ture of £s 
of the water 
wire (the neck N 
any water on the ou 


o 


i4 C. t 
(iv) The bulb G is again introduced in the water of the 
peaker B and this water is raised to a definite temperature t.°C 


iling point of water). When this tempera- 
teady for at least 5 minutes, the bulb G is 
taken out by holding it by the suspension wire and again the 
mags of the bulb with the liquid in it is determined after 
bringing the bulb and liquid in it at room-temperature tı C and 
wiping out all waters on the outer surface of G. The hot bulb 
brought to room-temperature by keeping it immersed in 


(which may be the bo 
ture ta C remains в 


can be 
8 
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room-temperature water for sometime. By taking the difference 
between this mass and the mass of the empty bulb we get the 
mass (ma) of the liquid which hlls the bulb completely at £,"C, 
but partially when brought to room-temperature ¢,°C, 

(v) Knowing ma, ma, tı and £s we can calculate y', the mean 
coefficient of apparent expansion of the given liquid between 
tı C and ta О, by employing the relation (1) 

Experimental data : 


Mass of empty bulb=w,= .. gms. 
ee 
Mass of bulb |Mass of liquid |Mass of liquid = 
& filling the expelled for zs 
Temp. of | liquid tilling | bulb at the | the rise of al ] 
liguid in the the bulbat | given tempe- temp. 35 
bulb in *C the given rature in | (£5 — £,)*C. in 8| E 
temp. in gms. gms. gms. i” 
‘wg’ (05—101) =(m; =m) `> 
(m2) 5 (mmi) 
(225) | z5 (mms) 


[Details of the weights added on the pan should be entered 
in the table]. 

Calculation : 

у= тато 
Malta — ta) 

Discussions: (i) As a portion of the neck of the bulb 
projects above the bath, the temperature of the projecting neck 
is below that ofthe bath and hence a small error will come in 
the result. For this reason, the Projecting length should be as 
small as possible. 

(i) The bulb should not be suspended by thread which may 
contain water of different amounts at different times causing a 
change in weight. The bulb should be suspended by a bare 
thin wire. 

(iii) Before taking any weight, the bulb with the liquid in it. 
must be brought to room-temperature and any liquid on the outer 
surface of the bulb and the suspension wire should be wiped out, 


... = ess” per °C. 


T 


H 
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(iv) Tithe variation of the coefficient of apparent expansi 
of the liquid with temperature is wanted, the bulb G Ms 
be maintained at different temperatures between 4,70. andé © 
(the boiling point of water) by steps of 10°C. In each ү 
the mean coeficient of expansion within the interval T 
temperature óf 10°C. is to be calculated and the mean iens е к 
ture of that interval is to be found out. Thena graph is em 
drawn with the coefficient of apparent expansion within i 
interval as the ordinate and the mean temperature of e 
interval as abscissa, This graph will indicate the variati 7 
the coefficient of apparent expansion with temperature. Bhs 


Oral Questions and their Answers 

1, What is the name of your apparatus and why is it so called ? 

The name of the apparatus is weight thermometer; it is so called 
because by knowing the masses 11 and m, of the liquid which fills 
the thermometer at 0°С. and £*C. respectively, we can determine an 

Mı- ms 


190 from the relation, y'= hy providediithe 


unknown temperature 
Mot 


coefficient of apparent ex 

2, What is the distin 
liquid ? 

Real expansion of a liquid is its actual expansion when it is alone 
heated while the аррагепЬ expansion ofliquid is its expansion which is 
observed relative to that of the containing vessel. 

3. What quantity you would measure by this instrument ? The mean 
coefficient of apparent expansion between two given ЧЭН, 
LAE do you mean Ьу the term ‘mean coefficient’ of apparent 

The expansion о 


same at all temperatures. 
of apparent expansion between two given temperatures. 


5, Can you find the coefficient of linear expansion of the material of 
ur weight thermometer by this arrangement ? 
Yes, the relation between the coefficient of real expansion (у), the 
coefficient of apparent expansion (у) and the coefficient of an 
expansion (g) of the vessel is given by, y=y' +£. Knowing аа 
y by this experiment, We can calculate g and hence the coefficient of 
linear expansion would be «=g/3- 

6. Can you suggest any modification of your apparatus by which you 
can determine directly the coefficient of real expansion of the liquid ? 

If the bulb of the thermometer initially contains mercury whose 


pansion ^^ is known. 
ction between real and apparent expansion of a 


f the liquid as well as that of the vessel are not the 
Hence we get the average or mean coefficient 


yo 
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Procedure: (i) The apparatus is levelled so that the tubes 
CD and EF are vertical and the cross-tubes are horizontal. 

(ii) At first, air at room-temperature фу О is allowed to 
remain in both the jackets or cold water is passed through 
both the jackets for some time when the thermometers T4 and 
Т. will give the same reading 4,?C. (room-temperature) and the 
difference of mercury levels in the tubes BA and GK will be 
observed to benil. If the initial readings of Т, and Te differ 
then these readings are to be noted. 

(iii) A cathetometer is adjusted so that its pillar is vertical 
and the axis of the telescope is horizontal. The cross-wire 
of the telescope is sharply focussed by moving the focussing 
lens in or out. The vernier constant of the cathetometer scale 
is also found out. 

(iv) The space inside the jacket J, is kept at room 
temperature tı O either by allowing air at room-temperature 
to remain in it or by allowing room-temperature water to 
circulate in Jı. Water from the tube Т is allowed to fall 
drop by drop on the blotting papers P, and Р, and instead 
of cold water in the jacket Je, steam is now passed in it. As 
the temperature recorded by 7, increases, the mercury level 
in tube GK is found to rise. After some time, when the 
mercury meniscus in the tube GK remains steady the horizontal 
cross-wire of the cathetometer telescope is made tangential to 
the convex surface of this meniscus and the readings of the 

_cathetometer scale and vernier as also of the thermometers Т, 
and Та are noted. From this time onward, the readings of the 
vernier and of the two thermometers are noted after an interval 
of 5 minutes. If the meniscus in the tube GK moves past 

' the cross-wire, the reading of the vernier is to be taken after 
raising the telescope and making the horizontal cross-wire 
tangential to the conyex surface of mercury meniscus. 
Recording of these readings of the vernier and the two 
thermometers are to be continued until they remain steady 
for at least two consecutive intervals (i.e. for 10 minutes), Let 
this final reading of the vernier be Ro. 


HEAT 119 


The horizontal cross-wire is then made tangential to the 
convex meniscus of mercury in the tube BA and the reading 
R, of the vernier is noted. Hence the difference of mercury 
levels in the tubes GK and BA is obtained as z — (Esc Ri). 
[When a cathetometer scale is employed to measure the diffe- 
rence of mercury levels in BA and GK, the glass scale placed 
behind BA and СЕ is to be considered absent.] 

(v) The distance H between the axes of the cross tubes CF 
and DE is measured by а metre scale or by the cathetometer. 

(vi) y is calculated from the relation (1) by substituting the 


values of H, т, ta and tı. 


Experimental data : 
(A) Determination of the vernier constant of the catheto- 


meter scale and noting the difference of mercury levels (x) :— 


Value of 1 smallest division of the scale = .. mm. 
ыз vd. = 555 s.d. 
Даг c2 505 s.d. = ...mm. 
s. ve —-(1sd.—1 v.d)2(*)-(-)7 стая 
O o ————————— 
x тешр. Meniscus readings in cm. of, 2 
MEE ELM— —pPL——— —5 
a |E = Coldlimb | Hetlimb |$ у 
ea lo ie vel о 
ө анн um = CT SE? 3 
а У ты С 9*9 [|a SES [2 al s 
P а вее ES [Tis бте Бела |” 
[2] ре aem x erag 9x I; - 
[бу dee qr For [eR 1 
„зе = иза ана: 


at room 
temp. 


5|» |n | ” „ |» ” "1 


When ро 
limbs ате 


| 


other limb. 


When one limb 1s at 
room temp. while 
steam flows at the 
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(B) Distance (H) between the axes of two horizontal 
cross-tubes :— 
qa: D T) 


cm. 


Calculations : 


T o 
Е) er = ange pOr C. 

Discussions: (i) The two tubes BA and GK must be of 
identical cross-section, otherwise at room temperature the 
mercury levels in them will not give indentical readings due to 
the effect of surface tension. 

(ii) The length H of the two vertical arms cannot remain 
the same when they are at different temperatures and hence the 
simple formula of (1) will not hold good. 

(iii) The ideal condition of no-mixing of hot and cold 
liquids will never be secured and hence error will be 
introduced, 

(iv) Readings of the mercury meniscus should be taken 
after avoiding parallax between the cross-wire and the image 
of meniscus. 

(v) The blotting papers are to be soaked constantly with 
water so that the flow of heat from hotter to the colder parts of 
mercury may be prevented as much as possible. 


Oral Questions and their Answers 


1. Define co-efficients of real and apparent expansion of a liquid and 
state the relation between them. 


The coefficient of real expansion (y) of aliquid is the ratio of the 


increase in volume of a liquid when it is alone heated by 1°C toits 
original volume at 0°C, 


The coefficient of apparent expansion (y) of a liquid is the ratio of 
the observed increase in volume of a liquid when both the liquid and the 
ERATES vessel are heated by 1?C. to the original volume of the liquid 
a . 


The relation between у and 


5 2 Yis, y=y +g ; where g is the coefficient 
of cubical expansion of the mat 30 E 


erial of the vessel. 


2. What is the harm if the tubes BA and GK be not of identical 
cross-section ? 
Due to capillarity, a difference of level will be created even when 


the mercury in the two vertical arms CD and FE are at the same 
temperature, 


a —— 
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3. Will the meniscus of liquid within the tubes be convex for all 


liquids ? . 
No; the meniscus will be convex upward fo 
will be concave upward for those liquids which wet 


т those liquids which do 


not wet glass but it 


glass. 
4, Will the cross-section of the tubes CD and EF affect the difference 


in level? 
Difference in level will be dependent on the temperature difference cf 


the two arms and not on the cross-section of the tubes, provided they are 
appreciable. Thus the expansion of the vessel does not affect the result. 


29, Determination of the pressure-coefficient of a 
gas at constant volume. 

Apparatus :— The appare 
sists of a large glass globe 4, 


tus is shown in Fig. 29. It con- 
kept immersed in a beaker of 


Fig. 29 
rmometer T and a stirrer S. The globe A 


water containing & the 
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is connected to a wide glass tube BD by a capillary tube bent 
twice at right angles and haying’a mark at C. The lower end D 
of the tube BD is connected to the lower end Z of another 
wide tube EF by a thick-walled India-rubber tube. The tubes 
BD and EF can be independently raised or lowered or can be 
clamped at any position. Part of the tube EF, the whole of the 
rubber tube and of the tube BD and a part of capillary tube up 
to the mark C contain pure and dry mercury. The mercury level 
in BD should always be kept at О either by raising or by lower- 
ing the tube ZF so that the volume of the gas remaining in the 
globe А and in the capillary tube may be kept constant. By a 
vertical scale 8,82, fixed on the wooden stand, the position of 
mercury level іп EF as well as the constant position of mercury 
level at C can be noted, 


Theory: At constant volume, if Р, and Po are the 
pressures of a given mass of a gas at /^C. and 0°C. respectively, 
then according to gas laws, 


Increase in vressure for 1°C. rise of temperature 
= 


Original pressure at 0°С. 
Р, d Ро E 3 


от, = 


Pot ай sat хо (UD 


(constant) 


From the relation (1) pressure-csefficient X can be deter- 
mined by knowing Po, P, and # The pressure Po at 0°C. can 
be obtained from (P — T) eurve by extrapolation. 


Procedure: (;) Water at room-temperature is poured in 
the beaker to cover the bulb completely. After stirring, its 
temperature is noted by the thermometer T. The arm EF is 
raised or lowered until the mercury level in the arm CD is at 
C. The readings of the scale corresponding to the constant 


mercury level at C and the level of mercury in HF are noted. 
The barometric height is also noted. 


(ii) The water in the beaker is heated and its temperature 
is raised by steps of 10°C. and at each stage the tempera- 


ture is maintained constant for about 5 minutes, as 
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far as practicable, by the proper manipulation of the burner. 
Due to the rise of temperature of the gas in the bulb 4, tho 
mercury level in CD will be depressed below C. The arm EF 
is now raised to bring the mercury level in CD again at the 
constant mark C. The readings of the scale corresponding to 
the freo surface of mercury in E and CD are noted. [For 
convenience in taking readings of the scale, a set square may 
be employed whose one edge will be kept parallel to the length 
of the scale while the right-angled edge may be kept tangential 
to the mercury surface.) This observation is repeated for six 


different temperatures. 


(iii) The barometric height at the end of the experiment is 
to be noted and the mean of the initial and the final barometric 
heights is to be found out. Let it be H cms. of mercury. 


(iv) The difference of the scale readings (h) corresponding 
to the constant mercury level at C and the mercury level in 
EF is to be determined at each temperature and the gas. 
pressure is given by (H+h) cms. of mererry. Pressure of the 
gas would be (H+h) or (H-h) according as the mercury level 
in EF is above or below the constant mercury level at C. 


(v) A graph is then drawn in which temperature is plotted 
along the a-axis having zero as the origin, while pressure is 
plotted along the y-axis. A best straight line is drawn through 
the points and it is produced to cut the y-axis at a point, the 
value of whose ordinate gives Po. Taking any point on the 

graph, Рг and ¢ corresponding to this point are found out and 


«is determined from the relation (1) by putting the values of 


Po, Pt, and t. 
Experimental data : \ 
(A) Barometric height (H):— 

& division of the main scale = - cm. 


s.d. 
=(1 s.d. — 1 v.d.) = s.d. — * om. 


Smalles 
"v 
Vernier constant (v.c) 
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TARLE I 
Barometric height 
Time of y ding 
| record | Scale reading КАШЫГЫ [Total Reading _ Mean | 
in cm. (и) (v. ) | in cm height (H) in 
$) deer! | неву) | сю 

Before (ES E) | 
| Ехрї. ; "S =... | 
After CRE) | 
Expt. Sse = | 
| 


„R, 
(B) Pressure-temperature record :— 


TABLE II 
Readings in cm. of the Difference of | Pressure of 
Нә, Temp mercury level in the tzale; gasin ста. 
obs Soa constant level h=(Ry~R,) | P=Hth. 
Ra) 

1 27 С 

2 37 ton E — “ss 
etc. | etc. etc, 5 ^ etc, etc. 

7 87 mo | Д s z 


N.B. [Value of 7; should be added to or subtracted from Н according 


i Qe levelin open limb is higher or lower than, that in the closed 
imb. 


(C) Drawing of (P-t) graph from a sample data of 
Table IIT :— 


TABLE III 


seme 
Temp. 
in °C—> 


Press. of gas 


in cms. of 79:2 8r8 843 86:9 894 91'9 94:5 
mercury—» | 


занн eed 
To draw pressure-temperature graph, the temperature in °С 
isto be plotted along z-axis with 0°C. as the value of origin, 
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95 


м. 


to 
© 


S 


з 
i 
d 


PRESSURE IM СМ5. ОЕ MERCURY —= 


3 


* 22 i 60 80 
TEMPERATURE IN SG —= 100 


Fig. 30 
уне the pressure in cms. of mercury is to be plotted al 
Оно The value of pressure at the origin should be wie 
slightly less than the approximate pressure at 0°C., ag SSH a 
by calculation from the observed data, by assuming the ү. 
еаг 


variation of pressure with temperature under constant 
an 


volume.* 


tion of origin for the P.axis should be made from th 
as follows , Incr2ase of pressure for a Ei i 
94:5—79:2)215'3 cm. Hence the fall of 


N. B. *[Selec 
ven data of Table їп. 
of (87—27) =60°C. is ( 
15 3x27 6:89 cm. 

60 


gi 
temp. 
pressure for 270-2 


6:89) 2 72:31 cm. nearly. The origin of pressure along 
made equal to 70 cm. while the origin of 


-axis should be 0°С.] 


Thus, Po =(792- 
the pressure-axis should be 


temperature along the temp. 
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The difference between the pressure at the origin and the 
pressure which is slightly higher than the highest pressure 
in the data, is to be distributed over the total number of 
divisions available along y-axis. After plotting all the points, 
а best straight line is drawn through the points and it is 
produced to cut the y-axis at a point, the value of whose 
ordinate gives Po (pressure at 0°C.). Taking any point 4 on 
the graph (which is not within the data), the co-ordinates (t, P:) 
of this point A are determined from the graph [Fig. 30]. 

When the values P, t and Po are put in the relation (1) 
we get the value of 4. The way of drawing the graph can be 
understood from the graph of Fig. 30 drawn from the sample 
data shown in Table III. 


‘Calculation : 
Р, (from graph) = 724 cm. Е 
P, for any temp. 80°С. (from graph) = 92'5 cm. 


= eee per^C. 


Precautions: (i) Temperature сї the bath should be kept 
constant for at least five minutes by proper manipulation of the 
burner. 

(ii) The gas introduced in the glass bulb should be made 
dry before introduction. 

(iii) At the end of the experiment, the open limb of 
mercury should be kept sv ficiently lowered, to avoid subsequent 
suction of mercury in the bulb. 

(v) The temperature of the bath should be raised not very 
high, otherwise the error in the result will be appreciable due 
to large difference of temperature between the bath and the 
dead space (i.e. the space in the capillary tuba whose tempera- 
ture is the temperature of room). 


Oral Questions and their Answers 
1. Define pressure-coefficient of a gas and state its unit. Does 
it depend on (i) mass, pressure, temperature. and nature of the gas taken, 
(ii) scale of temperature employed ? 
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For def.—see theory. Its unit is (per °C); (¢) No; for the ratio of 
the increase of pressure for 1°С. rise of temperature to the original pres- 
sure at 0°C, will remain constant, (ii) If the temperature is measured in 
°F., then the value of « will be less, 

2. Why is it called thermometer ? 

Because by measuring pressure P; at any temp. #°С. we can find ¢ from 
the relation P; ^P, (1--«£), for « and Р, being known. 

3. Why is it necessary to maintain the temperature of the bath 
constant for 5 minutes ? 

Usually the temperature of the gas is less than that of the bath due to 
the barrier of the glass wall of the bulb. Hence maintenance of constant 
temperature of the bath for the longer time will ensure equality of the 
temperature of the gas and the bath. 

4, Why the bulb is connected by a capillary tube ? 

Amount of gas in it, which is at room-temperature, may be as small 
as possible, 

5. Isit desirable to make the constant mark C near to or much below 
the bend at L. 

Very near to L ; 


may be small. 
6. Why do you take mercury Íor pressure measurement instead of 


for in that case, amount of gas at room-temperature 


any other light liquid ? 
As the barometric height (H) is measured in cms, of mercury, it 


will be easy to measure gas pressure by adding or subtracting the 
difference (л) of mercury levels in the two arms with H, while for other 
liquids absolute pressure (pg) should be separately determined both for 
barometric height as well as in this case, and their sum or difference will 
give the gas pressure. 

7. Why do you keep the volume of the gas constant ? 

Pressure will vary linearly with temperature provided the volume is 
kept constant. 

8. What will be the harm if the gas is moist 7 

For, moisture in the gas obeys gas laws approximately so long as 
it remains unsaturated. but when saturated, gas laws are not obeyed 


by it. 
9, What idea do you get about absolute zero from the 


experiment ? 
The value of « о 


calculated at —273*C. 


btained by experiment is 1/273. Thus pressure 
from the relation Р; =Po (+5) Dun ТҮС 
Hence —273°C, is taken as the absolute zero. 


— 273?C. becomes zero. 
10. What is dead space and what should be its volume ? 
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There is a small space outside the bulb in which a portion of the 
gas remains at a temperature lower than that of the gas in the bulb. This 
space is called dead space and the value of this space should be as small 
as possible. 


'80. Determination of the coefficient of expansion 
of a gas at constant pressure. 


Apparatus: The apparatus 
is shown in Fig. 31. It consists of 
a U-tube whose shorter limb AB 
is graduated in c c. and terminates 
in a bulb А, The other longer 
limb BC is open to the atmos- 
phere and terminates in a funnel 
C. A short tube S, having o 
stop-cock K, is attached to the 
bottom B of the U-tube. The 
U-tube is kept in a large glass jar 
J containing water so that the 
bulb 4 is below the water surface 
while the funnel C is above the 
jar, The bottom of the jar is 
closed by a rubber cork E through 
which the short tube S with its 
stop-cock K passes out, so that the 
stop-cock can be operated from 
outside. A bent copper tube P in 

Fig. 31 the form of an inverted U passes 
through the rubber cork R so that the free ends of P are 
outside. By passing steam through this copper tube, water in 
the jar can be heated. A thermometer T, kept suspended in the 
water near the bulb, records the temperature of water while 
by the stirrer S, this temperature can be maintained uniform 
throughout the entire mass of water. The U-tube ABC contains. 
conc. sulphuric acid whose levels in the two arms are always 
kept in the same horizontal plane either by adding acid through 
the funnel О or by taking away acid by opening the stop-cock К. 
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Theory: At constant pressure, the increase in volume of 
given mass of a gas for 1°C. rise of temperature bears a 
constant ratio to its original volume аб 0°C. (Charles’ law). Hence 
at constant pressure, if V; and Vo are the volumes of a given 
mass of а gas at °С. and 0°C. respectively then, 

Vi- Vo 


Vat =< (constant) oe (D 


This constant « is called the coefficient of expansion of the 
gas at constant pressure. From the relation (1) the volume 
coefficient « can be found out by finding volumes Vo, and 
V, of the gas at O°C. and at any temp. tO respectively. 
The volume Vo, will be obtained from (V- T) curve by 


extrapolation. 


Procedure : (i) Water is taken in the jar J at room-tempera- 
ture and its temperature is noted by the thermometer Т, The 
volume of the gas is noted after bringing the sulphuric acid 
levels in the two arms, in the same horizontal plane. 


(ii) Temperature of the water in the jaris raised by steps 
of 5°C. by passing steam through the copper tube. At each 
stago, the temperature of the water is noted after vigorous 
stirring and maintaining this temperature constant for about 
five minutes. The volume of the gas is always noted after 
bringing the sulphuric acid levels in the two arms in the same 
horizontal plane. Six such observations are recorded, 


(iii) The barometric height is noted before and after the 
experiment to see whether the atmospheric pressure is remain- 


ing constant or поб. 


(iv) A graph is drawn with temperature along the z-axis 
having 0°C. as the origin. The yolume is plotted along the 
y-axis having the origin 8 value, which is slightly less than 
approximate volume (Vo) at 0°C., as obtained by calculation from 
the observed data, by assuming the linear variation of volume 


with temperature under constant pressure, 


9 
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A best straight line, passing through the points is drawn 
and it is produced to cut the y-axis at a point whose ordinate 
gives Vo. 

Finding V; for any temperature t°C. from the graph, « is 
calculated from the relation (1). 

Experimental data : 

(A) Barometric height record :— 

Barometric height before experiment = ** ems. 

» » after 3 = ө 
Barometric height was fairly constant. 
(B) Volume-temperature record :— 


No. of Readings. > 1 2 


Temp. of bath in *0.—- zooma 
@) 


temp. | (£ 4-5) 
(ё) 


Volume of the gas іп с.о. 
(V) 


N.B. [Temperature should be increased by steps of 5?0.] 
(C) Drawing of (V — 1) graph :— ; 


The procedure for drawing the (7—4) graph is similar to 
that indicated in item (C) of Expt. 29. Th 
that instead of pressure, 
along y-axis. 


e only difference is, 
the volume in c.c, should be plotted 


Calculation of approximate volume (Vo) at 0°C: from the 
given data and the subsequent selection 
volume axis, should be made in the same ma 
in item (C) of Expt. 29. The nature of the 
be the same as that of the (Р 
Taking any point on this graph ( 
the co-ordinates (№, V4) of thi 
the values of Vo, 
value of «. 

Calculation : 


Vo (from graph)= ... се, 


of origin for the 
nner as is indicated 

(V-t) curve will 
—t) curve, shown in Fig. 30. 
which is not within the data), 
8 point are determined. When 
Ve, and ¢ are put in the relation (1) we got the 
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Y; at temperature ¢°C. (from graph)= oe Bora 
Ea ЕЕ Р : 
Vot р ES = pera: 


Precautions: (i) Care should be taken in pouring or taking 
away conc. sulphuric acid, so that it may not fall on the body. 

(ii) Reading of the volume should be taken from the 
tangent plane of the meniscus after bringing the sulphuric acid 
levels in the two arms in the same horizontal plane. In that 
case, the constant pressure of gas will be equal to the atmos- 


;ipheric pressure. 
(iii) The temperature of the bath is to be kept constant for 


at least 5 minutes, to be sure that the gas assumes the tempe- 


rature of the bath. 
(iv) The temperature should be changed by steps of 6°C. 


‘otherwise the number of data available for the drawing of graph 


"will not be sufficient. 
(v) The maximum temperature of bath should bs balow 


:80°0. otherwise the increase of volume of the gas would be во 
much that a portion of the gas will escape from the closed limb. 


Oral Questions and their Answers 


1. State Charles’ law and define volume coefficient —See theory. 

2, Сап you measure temperature by this apparatus ? 

Yes, by using the relation V; = (l4-«t), we can find an unknown 
‘temperature (0. Knowing Vz we can find £, for Vo and < are previously 
determined. 

3. How does the experiment lead to the idea of absolute zero ? 

The value of < has been found by the experiment as 1/278. Hence 
the relation between volume and temperature is given by Vi=Vo 


5, (е It t=—273°0., then V; =0. This temperature of —278°O. is 


taken as the zero in constructing the absolute scale of temperature and this 
zero is called absolute zero. 

4, Why do you take sulphuric acid as the manometric liquid ? 

It is a light liquid so that а small change of gas pressure will be indicated 
by a large difference in levels and at the same time tho gas is kept dry 
owing to the hygroscopio property of conc. sulphuric acid. 

5. What is the harm, if water be taken as the manometric liquid ? 

It will give water vapour in the gasand the pressure of this vapour is 
appre iable. This water vapour does not obey gas laws and hence the gag 


should be kept dry by conc. sulphuric acid. 
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6. What is the harm, if one arm of the U-tubs be made wide while the. 
other arm be made narrow ? 

There will bə a difference in the acid levels in the two arms due to the 
efiect of surface tension, though the free surfaces in the two arms are exposed 


to the same pressure. 

7. Doss the volume—coefiicient depend on mass, temperature, and 
volume of the gas ?—No. 

8. Will the volume cosfücient bə difierent, if the temperature be in. 
°79—Yes, it will be smaller. 

9. Why do yoa keep the pressure constant ? 


For the volume will vary linearly with temperature when pressure is kept 
constant, j 


10. Are the gas laws true for all gases ? 


No ; it із approximately true for tha so-called permanent gases. The- 
pressure-volume-temperature relation for a real gas із different from the 
simple relation employed here. 


31. Determination of the specific heat of a solid: 
or of a liquid by the method of mixture, by applying 
correction for the loss of heat by radiation. 

Apparatus: The apparatus, which is shown in Fig. 32>. 
consists of the following parts :— 


Fig.32 
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(i) Steam-Heater. (H):—It consists of two co-axial 
-sylinders of copper in which the top and the bottom of annular 
-space between the two cylinders is entirely closed excepting the 

two outlets for the entrance and exit of steam. The mouth of 
the inner cylinder is closed by a cork through which passes а 
thermometer Ta reading (3)°C. Through another hole in the 
-cork а string passes, at the lower end of which a solid body В 
is kept suspended by the side of the thermometer bulb. By 
this arrangement, the solid is heated in hot air. The steam- 
‘heater is hinged to a vertical rod E fixed to a raised wooden 
platform P with a central hole. 

(11) Calorimeter (C) :—The copper calorimeter C is placed 
-inside another copper vessel V separated from each other by 
cork pads. Or, in better arrangement, the calorimeter C is kept 
suspended inside the copper vessel V by threo strings attached 
to the rim of V. The copper vessel V with the calorimeter in it 
vis kept inside а wooden vessel W. The vessels V and W are 
separated by cotton pads kept in between them. The bulb of a 
*Shermometer Tı reading zo C. is dipped inside the calorimetric 
d and is kept fixed in position by a clamp attached to a 
vertical stand on the wooden vessel W. ‘The calorimeter also 
contains a stirrer §,°by which the liquid in it can be stirred, 
The calorimeter сап slide in & groove G made on the lower 
"horizontal platform Ру. The mouth of the calorimeter can be 
.closed by a slotted wooden cover P, (shown separately). 

Gii) Sliding partition (D) :— There is a sliding partition D 
iby which the transference of heat from the hot steam-heater 
њо the calorimeter is prevented. 

Theory :—1 a solid of mass m and specific heats be heated to 
‘a constant high temperature 1,7C. and then quickly dropped into 
and specific heat s containing a liquid 


:a calorimeter of mass mı ] 
of mass me and specific heat 52 both at t1 C., then there will be 
4 common temperature t of the mixture. At this stage, heat lost 


фу solid = heat gained by the calorimeter and its contents ; 
or, ms(ts — 0 = mass (t—t1) + mesa (— t1) 
or, mslta -~ 0) = (т: 4-m54) (#— ta) SS 


liqui 
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This common temperature (/) of the mixture is usually less 
than its actual value T due to the loss of heat by radiation. 
The value of T is to be determined after correcting for the loss 
of heat by radiation. The corrected relation is then given by, 

ms (ta — T) =(m181 + mass) (T— t1) 

_ (mısı mass YT — £4) 
Fea UL CLS Sala 
mta — T) 
Е. пз SH) mai 
ma(T'— t4) E Umi 

The relation (2) is employed to determine the specifio heat 
s of the solid when that (sa) of liquid is known while the 
relation (3), is employed to find the sp. heat sg of liquid when 
that (s) of solid is known. 


Procedure: (i) Nearly half of the boiler is filled with 
water and two burners are applied below to supply steam to the 
steam- heater, 


(ii) The mass m of the solid is determined by a balance 
and it is kept suspended inside the steam-heater close to tke 
thermometer bulb (reading 3^C.) introduced through the upper 
cork. Тһе lower end of the steam-heater is now closed by a 
sliding board on the raised wooden platform. 

(iii) The clean and dry calorimeter with its stirrer having 
total mass m is first weighed empty and then again its mass. 
(mı + тз) is determined after taking the liquid in it (whose 
specific heat is required) sufficient to immerse the solid, From 
these two weights, the mass (mą) of the liquid taken is thus. 
known. The calorimeter is then replaced in its position in the 
copper vessel V. A thermometer reading qw O. is introduced 
in the calorimetric liquid and after stirring the liquid, its tem- 
perature is noted. Let it be £,?C. 

(iv) The temperature of the solid is observed from time to 
time and when this temperature remains steady for at least five 
minutes it is noted down. Let it be t2°C. 

(v) After taking away the sliding board from tne bottom of 
the steam-heater, it is rotated about its hinge so that it is just 
above the hole in the raised platform. By raising the sliding 
wooden partition D, the wooden box W containing the calori- 


or, 


or; 
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meter is brought just below the hole. The hot solid is then 
quickly dropped into the calorimeter (taking care that no liquid 
splashes out of the calorimeter) and it is quickly removed to its 
former position and the wooden partition is dropped down. 

(vi) Тһе temperature of the calorimetric liquid is recorded 
after an interval of half a minute, beginning from at least 3 
consecutive intervals beforo the introduction of the hot solid and 
ending when the eight falling temperatures, after the attainment 
of maximum temperature t°C., are recorded. 


(vii) Fall of temperature of the calorimeter and its contents 
by an amount of 2°0 due to radiation, during the course of 
attainment of its maximum temperature 10, is then calculated 
from the observed data and the corrected common temperature 
is obtained as T=t+ =. 

(viii) It is better to draw а graph by plotting the time in 
minutes along v-axis and the corrected temperature [as obtained 
in column (6)] along y-axis. А horizontal part will be obtained 
in &he graph. The ordinate of this horizontal part will be the 
corrected temperature T'as is shown in Fig. 34. 


Experimental data : 
(A) Recording of weights and other constants :— 


TABLE I 


T 
^ Masses of, 3E а 
a eo 
Calorimeter Calorimeter | тоша ER E. 2552 
+-stirrer +stirrer+liq. P TE $8 
(m4 +m) J ag |@ Ы 
.. gm-+.. gm. | ...gm.+...gm. | gm. 8m. OO Боеру 
+ mg... -.emg... | temet. 99:07 "09 solid (s) 
| =202 gms. | —10842 gms. =200°49 gna: gms. —91 
(B) Hecording of temperature (te) of hot solid :— 
TaBLE 11 
Time in 5 |10|15 20} 25 | 80 | 35 40 | 45 | 50 
minutes 
gag > n | 
Temps. AS: | 99 99 99 
in °O.> | FE 
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(C) Time-temperature record :— 
TABLE III 


Initial temperature of calorimeter and liquid =¢,°C = 33°С. 


1 2 3 5 5 6 т 
Time | Temp. |Average| Cooling | Total Corrected Corrected 
jn (6) of | temp. duringthe|coolins (y)| tempe- | temperature 
mins. | calori- | in ^O. | interval at the rature | of the mixture 
meter (g) (ош cool- | end of in °С. = Т°0. 
in *C. ing curve | interval | (8--y) 
in °C. in °C 
& 0| 33 (¢,) 
E 1 
а 8|996) 
o 
@ 1|88(,,) 
hot 
solid 
dropped 
g 345 83°75 “009 “009 34'509 
g 
E 855 | 85 -024 038 95:598 
а 
o 
E 867 861 *038 "071 36'771 
o 
E 37 3685 | 047 118 37-118 
я 
8 БУР 971 05 “168 37 368 
37°3 97:25 "052 `290 91:520 
873 873 053, "278 87:573 
87°55 
372 87°25 052 "895 £7°525 
Ж БИР] 97:2 *052 "877 87'577 
E ) 971 9716 | 051 "498 37'528 
Е 
н 371 | 3871 | 05 "478 37:578 
КЗ 37 87°05 "05 -528 37:528 
to 
я 
E 37 37 "049 "577 87°577 
B 
E 369 36:95 "048 "625 9:595 
83 | 369 86:9 048 `678 ` эзиз 


——————————————M 
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(D) То find the rate of cooling from Table III :— 


TABLE IV 
i Cooling |Av 
Interval of two t Er for E cooling Average ol eight 
minutes. z minutos |for }mi alling temps. 
in °C AUS оташ of Table ILI 


from 5th to 7th min.| from 37:2 to 37 2 
„ bath to 74th ,, » 872 to 87 E! *05 эр, 
„ бї to8th „ „ 37°1 to 36:9 2 
„ Oto to 8ith ,, „ 9T1 to 36:9 2, 


Explanation of Table III :—(i) Column 3 represents the 
average of a temperature with a temperature next previous to 
it, e.g. 83°75° is the average of 34'5^ and its next previous tem- 
perature 33°, Again 35° is the average of 35'5° with its next 
previous temperature 34'5^ and so on. 

(i) Column 4 represents the cooling of temperature in an 
interval of time obtained from cooling curve of Fig. 33. The 
amount of cooling for any average temperature is written by the 
side of that average temperature, e.g. cooling for the average 
temperature 33°75° i3 009. Again cooling for the. average 
temperature 35° is (024 and во on. 

(iii) Column 5 represents the total amount of cooling at 
any average temperature. In order to determine total cooling 
at an average temperature, the cooling at that average tem- 
perature must be added to the sum of the coolings occurring at 
all the average temperatures previous to this, e.g. the total 
cooling at the average temperature 36`85° = '047 + (sum of all 

| the previous coolings) i.e. = 047 + (038 + 024 + *009) = 047 + 071 


==`118. 


(iv) Column 6 represents the corrected temperature at а 


particular time. This is obtained by adding the temperature 


( at that time with the total cooling, ¢.g. the correct temperature 
at 3rd minute=31° + total cooling at that біше= 317° + ‘118 


—31118". 
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(E) To draw the cooling curve :— 

(i) The rate of cooling at room-temperature (33°C.) is zero 
while the cooling of (‘05°C.) for 3 min. at the average of the eight 
falling temperature (37'05°0.) is obtained from Table IV. These 
two points are thus known. 


COOLING FOR 42 MIN —~ 


AVERAGE TEMP —— — 
Fig. 33 
rature in °C. is plotted along the 


(i) The average tempe; 
x-axis while cooling for Y min. 


is plotted along the y-axis (Fig. 
38). Plotting the two given 


Points [obtained in item (;)]a 
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straight line is drawn Бу joining these two points. From this. 
straight line curve cooling for 1/2 min. (the value of the ordi- 
nate) for any definite average temperature (the value of the: 
abscissa) is found out and put in the column 4 in Table III. 

(Е) To find correct temperature (2) -— 

The correct temperature T can be obtained from the column: 
7 ої table III. The best way to find 7 is to draw a curve by 
plotting time in minutes along z-axis and average temperature 
(both uncorrected and corrected) along y-axis. The upper part of 


AVERAGE TEMP. IN °C 


w 
on 


0 TIME IN MINUTES ——> 

Fig. 34 
curve connecting time and uncorrected average temperature- 
time axis while the upper part of the 
necting time and corrected temperature will bo. 
The ordinate of this horizontal part will 


the 
will bend towards the 


curve con 
horizontal (Fig. 34). 
be the correct temperature TN, 


140 PRACTICAL PHYSICS 


Calculations : 

Taking the corrected temperature T, either from the column 
“7 of table III, or from the graph of Fig. 34 we may calculate the 
sp. heat of liquid (or of solid) as follows :— 

ms(£a — Т) = (тува + mass — t1) 

209 x '91(99 — 37755) = (10849 x '09 + 9207 x s4)(3755 — 33) 

from which we get, Se = '516 cal. per gm. per °C. 

The liquid taken here is paraffin oil whose correct sp. heat is 
`&Е8 cal. per gm. per °C. [when s is to be found out, put the value 
of sa in the above formula and calculate s]. 

Precautions: (i) The quantity of calorimetric liquid 
should be just sufficient to cover completely the solid 
‘introduced in it. 

(ii) While heating, the solid is kept suspended by the side of 
the thermometer bulb for getting correct temperature of solid. 

(iii) То ensure uniformity of temperature throughout the 
solid, the reading (ta) as shown by the thermometer Zz, is to be 
kept steady for at least 10 minutes. 


(iv) То avoid any loss of heat during transference, the solid 
is quickly dropped into the calorimetric liquid. 


(v) The solid is dropped in the liquid from a small height 


above the liquid surface, to prevent the loss of liquid by 
splashing. 


(vi) The size of the solid should not be too small otherwise 
the percentage error due to loss of heat during its transference 
‘to the calorimeter will be considerable. 


Oral Questions and their Answers 


1. Define Calorie and British Thermal Unit (B. Th. U.). 

Calorie is the quantity of heat required to raise 1 gm. of water from 
-144°0. to 154°C. 

British Thermal Unit is the quantity of heat required to raise the 
temperature of 1 Ib. of water by 1°F and it is equal to 252 cals. 

2. Define sp. heat, thermal capacity and water equivalent. What ar 
their units ? 
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Sp. heat of a substance is the quantity of heat required to raise the 


temperature of unit mass of the substance by 1°0. Its unit is, calorie pe 
‚ Са T 


gm. per °C. 
Thermal capacity of a body is the quantity of heat required to raise the 


temperature of the body by 1*0. Thus thermal capacity of а body of mass. 


m and sp. heat s із ms calories. 
Water equivalent of a body is the number of gms. of water which 90 


be raised by 1°0. by the quantity of heat required to raise the temperature 
of the body by, 1*0, Thus water equivalent ofa body of mass m and sp. 


heat s is ms gms. 
3, What is the har! 


in the calorimeter ? 
In the former сазө, part of the solid will be outside the liquid and hence 


» part of its heat will be transferred to the outside air also. In the latter 
case, the rise of temperature of theliquid will be very small by which correct- 


value of specific heat cannot be obtained 
4. State the law which you assume here in correcting for the loss of heat. 


m, if very small or large quantity of liquid ‘are taken 


by radiation. 
Newton’s law of cooling whic 

at which & hot body cools is propor 
between the hot body and the surroundings. 
ue for any difference of temperature ? 


5, Is the law tr 
The law is true only when the difference of temperature between the hot. 
body and the surroundings is small. 

6. What factors influence tho radiation of heat from a hot body ? 

(в) Exten ho radiating surface; (ii) Difference of 
temperature between t body and its surroundings. 

7. In determining the specific heat of a solid what liquid you would 
tric liquid ? 
а оѓ low 8P- heat is preferred, for in that case rise of 
whereas in the case of water, rise of. 
high specific heat of water. 


n hot air? 


h is assumed here, states that the rate 
tional to the difference of temperature: 


prefer a8 calorime! 

Usually 9 liqui 
temperature will b 
temperature will be less due to the 


8, Why do you heat the solid i a 
If ‘the solid bo heated py introducing it into steam or hot water, then 


the calorimetric liguid will get heat not only from the hot solid but TUM 
from the hot water oF the solid. — — n" 
9, Would you prefer ® lump solid or % solid in dno form of pieces ? 
Jf the solid be а conductor then the lump solid will not be harmful for 
throughout the mass may һе вате. Ifthe solid be à pad. 
conductor then it is preferable to have the solid in the form of pieces so HER. 
the tempere i ay be ag same. , 
10. Why do you РГ solid of appreciable size оз gs 


experiment ? 
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Heat contained in the body will be proportional to the volume of the 
*body while heat lost by the body during transferenca is proportional to 
rits surface area, Since the increase in volume is more rapid than the 


‘increase in surface, the loss of heat decreases as tho volume of ths body 
‘becomes greater. 


11. Why do you make an elaborate arrangement like this ? 


This is just to be sure that the heat lost by the hot solid wholly goes to 
the calorimeter and its contents, 


32. Determination of the latent heat of fusion of 
«ісе, by employing radiation correction. 


Apparatus: The apparatus required for this purpose is 
‘simply a calorimeter of the type as shown in Fig. 32. 

[For description—see item (it) of ‘apparatus’ in Expt. 31.] 

Theory: The latent heat (Z) of fusion of ice is defined as 


the quantity of heat required to convert unit mass of ice at 0°С. 
sto water at 0°C. Let, 
mı and з: = mass and 5р. heat of calorimeter and stirrer 
respectively ; 
it, and t=initial and final observed femporatures of 
calorimetric water respectively ; 
?%з = mass of calorimetric water ; 
M=mass of ice (at 0°C.) added. 
Heat gained by ice in meltin 
^to "0. = ML + Mt. 
Heat lost by calorimeter and 
ata O. to °О, = (mis; *msY(ts — 1). 
If there be no gain of heat from the surroundings then, 
MU +) (mss, + me)(ts - t) n m) 
The lowest observed temperature (/) of the mixture ig usually 
:greater than the actual value T, due to the gain of heat from the 
surroundings by radiation, If the value of 7 be found out from 


в and for its rise of temperature 


its contents in cooling from 


T fas eee (9) 
The relation (2) is employed to determine 


the latent heat of 
afusion of ice. 
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Procedure: (i). At the beginning, the dew point of air 
‘at the time of experiment should be known so that the final 
lowest temperature of the mixture may remain at least 5°C. 
above the dew point. 

(6) The mass (mı) of dry, clean and empty calorimeter 
and stirrer is determined and then the mass (m; ms) of 
calorimeter, stirrer and water in it (filling about $ of calorimeter) 
is determined. From the two masses, the mass me of water 
taken is found out. The calorimeter is then replaced in its 
position in the copper vessel V. 

(iii) A thermometer reading zp C. is introduced in the calori- 
metric water and its initial temperature (¢.°C.) is noted succes- 
sively for three intervals of time at an interval of $ minute. 

(iv) Clear ice is broken into pieces of convenient sizes and 
these pieces are dropped опе by one in the calorimetric water, 
after soaking all waters on the outer surface of each piece by 
dry and fresh blotting papers. The dropping of ice-pieces should 
ba continued until the lowest temperature of mixture is above 
the dew point by about 5^0. After dropping each piece of ice, 
the water is stirred vigorously and ice is not allowed to float on 
the water surface. 

(v) Tho temperature of the mixture is noted after an inter- 
val of $ minute, beginning from at least 3 consecutive intervals 
before the introduction of ice and ending when eight rising 
temperatures, after the attainment of lowest temperature (/^C.), 
are noted. 

(vi) After this, the calorimeter with its contents is allowed 


to come at room temperature. Now the mass ‘mı +m, + M) of 


calorimeter and stirrer with water and molten ice in it, is 


determined by. a balance. From this, the mass M of ice added 


is found out. 
(viz) From these observed data, the rise of temperature of 


the calorimeter and its contents by an amount of z^C., due to 
the gain of heat by radiation from the surroundings, during the 
course of its attainment of lowest temperature ¢ ^C. is calculated 


and the corrected common temperature then becomes T'— ( — z)* C. 
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Experimental data : 
(A) Recording of weights and other constants :— 
TABLE I 
ЕЕЕ ИИИ——— ———-—-—-—-—-—-—-—- 


Masses of, 


Sp. heat 
I of calor, 
К, (0) (0) (a) (с) ()—() | ona 
Calorimeter | Calorimeter Water Calor. + ce added | stirrer 
+stirrer | +stirrer+ taken stirrer+ 
water water+ice M Sy 
ma (m, +m,) (ma) (m4 4- m5) 
+M 
"18+... gmi.gm-..gm| (...)—(..) |... gm.. gm (...)—(...) 
+... | +...mg+.., + mg+.. "09 
=... gm, =...gm, =,..gm =...gm =,...gms, 
(B) Time-temperature record. 
TABLE II 
Initial temperature of water =t3°C. = -«.*Q, 
Dew point of air (supplied) — ---*Q, 
IC URSI 3 4 5 6 7 
‘Time in | Temp. |Average [Heating du- | Total heat- Corrected | Corrected 
minutes | of calo- temp. | ring the in- ing at the 


f А tempera- tempera- 
rimeter| іп °С |terval from lend of inter- 


1 ture in *O,|ture of the 

in ?Q. (0) radiation | уа] ір °G, (0—2) mixture 
(0 curve in °С (y) = T0. 

PONE) 

E 

a 5 |l) 

о 

EM e 


Ico 
dropped 


Falling Temps. 
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(C) To find the rate of heating from Table II :— 
TABLE III (c. f. TABLE II of Expt. 31) 


Rise of Heat Average Average of 
Interval of eating 5 ЕГ 
ni seal ol twe temp. fara shite! beating eight rising 
in °O in ?C. for $ min. temps. of 
in °0, Table II 


(D) To draw the radiation curve :— 
( The rise of temperature for $ min. at tho average of 


eight rising temperatures is obtained from Table III. The rate 


of heating at room tem- A 
perature (#.°0.) is zero. 
Thus the two points for 
the curve are found out. 

(ii) The average tem- 
perature (0') is plotted 
along c-axis while the 


corresponding heating 
for half minute is plotted Average of eight “\Roomtemp. 


along y-axis. The two / rising temp. 
AVERAGE TEMP. (Ө —> 


points obtained in item 
Fig. 35 


(i) aro plotted and joined 
by & straight line. The nature of this curve will be as shown 


in Fig. 35. From this straight line curve, heating for 4 min. 
(ordinate) for any definite average temperature (abscissa). is 
found oub and put in the column 4 of Table II. 

(E) To find corrected lowest ten p (7) :— 
st temperature 7' onn be obtained from 
The best way to find Т is to draw a curve 


HEATING FOR MIN.IN °C —= 


H 
1 
H 
1 
1 
i 
1 
i 
H 
Н 
i 
1 
H 
1 


The corrected lowe 


column 7 of Table II. 


10 
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by plotting time in minutes along z-axis, and average teme 
perature (both uncorrected and corrected) along y-axis. The 
lower part of the curve, connecting time and uncorrected tempe- 
rature, will bend upward, while the lower part of the curve, 
connecting time and corrected temperature will be horizontal 
and parallel to the time axis (Fig. 36). The ordinate of this 


| | Room temp. 

£o 

ZJN 

а 

= 

ü 

m s 

m 

Oi 

< 

с 

ce 

us 

x 
ДЕШЕ x 
about | iT 
S'above 0 - 
dew poi t 4 6 

point TIME IN MINUTES— 


Fig. 36 


horizontal part will be the corrected lowest temperature 7. 


Calculation : 

Taking corrected lowest temperature (T) either from the 
column 7 of table II or from the graph of Fig 56, the latent heat 
of fusion of ice can be calculated as follows :— 


(mss + тә)! — T) 
Le 191 2 Я" к=, 
M т, 


or, L= se se 

or, L- Re **'ealories per gm. 

Precautions: (i) The ice added should be made dry by 
soaking any water on its outer surface with a fresh blotting 
paper. 

(ii) The ice is to be kept under water during stirring ; 
otherwise heat will be taken from outside, for melting, 
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(222) The lowest temperature is поб allowed to go below 
dew point ; otherwise heat of condensation will be given to the 


calorimeter. 
(iv) Splashing of water during the dropping of ice is to be 


avoided. 
(v) The ice added must be pure ; otherwise impurities in it 
will not contribute anything towards latent heat of ice. 


Oral Questions and their Answers 


1. Define latent heat and latent heat of fusion of ice. 

Latent heat of a substanco is the quantity of heat required to change 
the state of unit mass of the substance without any change of temperature. 
Tts unit in о g.s. system is eslories per gm. [Fer def. of latent heat of fusion 
of ice—see Theory]. 

9. Why is dry ice necessary ?—If the ice carries some water with 
it, then heat required for getting that water from ice is taken 
from the outside and not from the calorimoter and its contents. 
‘lence tha increase of weight after the addition of ісе is not due to 
ico alone. 

3, 4, 5.— [S29 answers to oral questions 4, 5 and 6 of Expt. 31]. 

6. Is the latent heat of substance same at all temperatures j—By 
the application of pressure on the suríace of the substance, it can be made 
to change its state at different temperatures and the latent heat required 
at different temperatures is not the same. Latent heat vanishes at the 
eritical temperature of the substance. 

7. Ів there any relationship between latent heat and surface tension ? 
Yes ; both decrease with the increase of temperature and at critical 
temperature both disappear. 

8. Why is the heat required for the change of state called latent ? 

During this change of state, some heat is required which does 
not change the temperature of the substance. This heat simply increases 
the potential energy between the molecules. That is why it is called latent 


heat, The sensible heaí, which raises the temperature of a substance, 
increases the kinotie energy of molecules. 
33. Determination of the latent heat of condensa- 


iion of steam. 

Apparatus : The arrangement of apparatus is shown in 
Fig 37. The boiler (B) is about d with water, by 
boiling which steam сап be generated. This steam is led by 
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а tube T, to a steam-trap which is nothing but a short 
cylinder whose two open ends are closed by rubber corks 
(2, and Rs). Through the lower cork (Re) of the steam trap 
pass two tubes Ts and T. The upper end of T, is bent down- 
wards »libtie, while its lower end dips into water taken in the 


calorimeter (C), so that 
only the dry steam (i.o, 
uncondensed steam) can 
enter into the water, 
The tube (Ts) is provi- 
ded with а pinch cock 
(К), by opening which 
condensed steam on tho 
top of the cork (E,) can 
f be allowed to escape out- 
| ome side. 


Y ) The; calorimeter QC 
j ' (whose outside is highly 
22, M polished) is kept suspen- 


ded inside another copper 
vessel V, the inside of 
which is kept highly polished to avoid loss of heat by radiation. 
The copper vessel V is again kept inside a Wooden vessel W 
and the space between tho wooden and copper vessels is packed 
with cotton wool. А stirrer S anda thermometer T arg also 
introduced into the water of the calorime 
partition P which prevents the tran: 
burner to the calorimeter, 


Fig. 37 


fer. There ів a wooden 
sference of heat from the 


Theory: Let M gms. of steam at £,?Q (boiling point of 
water which for all practical purposes may be taken as 100°C) be 
allowed to condense in т gms. of water at xi 
tı C contained in a copper calorimeter of mass m, and Sp. heat 
3,. If the final temperature of the mixture, after applying 
correction for the loss of heat by radiation, be ¢°C, then, 

Heat lost by steam=ML+ M(t, — t), whore L is the latent 
heat of condensation of steam, which is the heat given up by 


oom-temporature 


_ р 


| placed on the wooden bloc 
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the condensation of unit mass (опе gm.) of steam at t.°C (boiling 
point of water) to the same mass of water at the same tempera- 
ture. Again, heat gained by calorimeter and its water 
=(m+m4s,)(t—t,). Assuming no loss or gain of heat, 

ML + М. t)=(m+mys,)(t—-t,) 


or, р-з e a) (5-0 к: PET 


The relation (1) may be employed to find the latent heat of 
condensation of steam. 

Radiation correction.—Let the steam be passed inside the 
calorimetric water for Т” seconds, during which its tempora- 
ture rises from ¿°C (room-temp.) to some other higher 
temperature 0, (say). Again let To be the total time (counted 
from the instant at which steam is passed in water) required 
to raiso the temperature of calorimetric water from tı C to 
the highest temperature 0°C. (05 is slightly greater than 01). If 
2°C be the fall of temperature of water during the time (75/9) 
counted from the instant (To) at which water assumes its 
highest temperaturo 02°C the corrected highest temperature is 
1— (04 + 2)°С. [For proof, see foot note of Expt. 48, Part II]. 

Procedure: (i) By filling nearly half of the boiler with 
water, two burners are applied below the boiler to form steam 
from water. This time the wooden vessel W with tho vessel 
Y and calorimeter О in it is removed to a distant place. 

(ii) The calorimeter С is cleaned by а cotton pad and the 
mass m, of calorimeter and stirrer is determined when the 
calorimeter is empty. Two-thirds of the calorimeter is then 
filled with water and again the mass (m + та) of the two is 
Thus we get the mass m of water taken in the 


determined. z К 
The temperature tı C of this water is noted by the 


calorimeter. 
thermometer T. 

(iii) When steam is seen to escape briskly through the 
he tube T5, the calorimeter with its accessories are 
k (Z), so that the end of the tube 
the water in the calorimeter. Simul- 


open end of t 


T, may dip inside 
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taneously a stop-clock is started. Steam is passed and water 
isstirred by the stirrer S until the temperature of the water 
rises by about 20°C. This rise takes place within a short time 
(say, about a minute). 

(iv) The calorimeter and all its accessories are now removed 
and the time 7", at which supply of steam is cut off, is noted 
from the stop-clock and at the same time the temperature 04°C 
of water is noted. The water is stirred well and its maximum 
temperature 0, and tho time T'o, аб which this maximum tempo- 
rature is attained are noted from the running stop-clock (which 
is allowed to run after its start). 

(v) The water is continually stirred and its temperature 
is again noted at time (Т, + 75/9). Let this temperature of water 
be 02°C, Then corrected highest temperature of water= t 
=(0.+2/°C. where z—(0,—8,) and this represents the fall of 
temperature during the time 7/9. 


(vi) When the calorimeter and its contents come at room- 
temperature, they are again weighed. This time we get the 
mass (mı) of calorimeter together with the mass (m) of water 
and the mass (M) of condensed steam. Thus the difference 
between this weight and the second weight (=m +.) of 
calorimeter and water in it gives the mass (M) of steam 
condensed. 

Experimental data : 

(A) Recording of masses and other constants :— 


TABLE I 
c л лс л ыт э м М АИД 


Masses of 
v Ў Бр. heat 
lu M ——— р 
А al.+-stirrer Water Cal. + ati ong 
al. +-stirrer + water taken + iter a hae stirrer 
+condensed 
(m4) (mi tm) (m) steam (М) (si) 


(22, ++ M) 
-gm-t. gm)...gm+ . gm} (..)—(...) 
+...mg+ ..| +...mg+.... 

=...gm. = gm =.. gm. 


gm +.. e)- 
sigue. Ой) 
= ДШ. {ie 


аы S ЕУ л 
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(B) Time-Temperature record :— 


TABLE II 


Correction 


i Temporaturo due to Correc 
ted 
| Time of water radiation highest temp. 
| іа °G (ll — 09) of water in 
t in°0 == (0s +T) 


.. (=/= room 


O (steam not passed) 
temp.) 


..min, вес (=T, when 
steam is cut off) 


(m0) 


..(= 0з max. 
temp.) 


..Imin..seo (= То when 
temp. is max.) 


...min...seo. (To £ 1312) | -- (703) 


` Calculation : - 


T 5 
por (t-t) 0.797 on = ++ ocals./gm. 
[te may be taken as 100°C). 


Discussions: (i) The rise of temperature is very rapid and 
the rise of temperature of about 20°C requires the passage of 
steam for a minute or so and hence the radiation loss is small. 
Thus the elaborate method of correcting for the radiation loss, 
as in the case of ap. heat experiment, is поб profitable. 


(ii) The rise of temperature of calorimetric water should 


not be made by more than 30°C. ; otherwise Newton’s law of 


cooling will not hold good. 
(iii) Perfectly dry steam cannot be passed within water. 
Hence the heat required for the condensed steam which 


enters into water js taken from outside and поб from 


galorimetric water. 

(iv) The temperat 
100°G. for dus to the 
would not be appreciable. 


ure of steam (fe C) may ba taken as 
uncertainty in the experiment the error 
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Oral Questions and their Answers 


1. What do you mean by the term ‘latent heat of condensation of 
steam’? What is its unit ?—For 1st part see theory. Its unit іп 0.0.8. 
system is calories per gm. 


2. Is the latent heat of condensation of steam game at all tempe 
rabures ?— No ; letent heat decreases as the boiling point of liquid increases. 


Ata certain temperature, known as critical temperature, latent heat of 
;vaporisation vanishes. ` 


3. What do you mean by the term ‘total heat’ of saturated | 
‘vapour ?—The total heat of the saturated vapour of a liquid at aii 
‘temperature i?O'is the quantity of hest required to raise 1 gm. of ' 


the liquid from 0°C to £ C and to convert it фо saturated vapour Bu 
ro, | | t 


| 
! 
4. What is the magnitude of total heat of steam at ^C ? 


The magnitude of total heat of steam at /^O із, given by, O= Lz +t. 
Begnault found that the total heat of steam at #0 is Q =606°5 + 3051. 
Thus we get L,-606:54-'800$—1, or, L:-606:5—:6951. This shows that 
L disappears at 872°0. 

5. What is Trouton’s rule ?—Molecular latent heat of a liquid at 


its boiling point Te ( absolute temperature) is the product of th 


e 
molecular weight ( 


М) of the liquid and its latent heat (L) at absolute 
temperature T. The ratio of (ML) and T, is constant, 4.е., ML/Ty= 
constant which is known as Trouton’s rule. This constant is about 20 for 
meny substances, 

6. What do you mean by internal and external latent heats ?—When а 
unit mass of a liquid changes to vapour, 
Heat required for doing external work due to the increase in volume 
is ealled external latent heat, while the heat required for the change of 
liquid to vapour minus the heat required for external work will be the 
internal latent heat. 


з large change of volume occurs. 


$4. To determine the specific heat of a liquid by 
the method of cooling. 


Apparatus: Tt consists of a copper calorimeter C provided 
with a lid L having two holes in it [Fig. 38]. A thermometer 


T can be tightly inserted in the central hole of the lid and 


if necessary, a rotary type of stirrer g may be introduced 


in the liquid whose stem сап project out of the lid through 
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its side hole. The outside of the calorimeter is painted dead 
black and is kept suspended by 
three strings inside & double- 
walled metal vessel J. The 
annular space between the 
double walls may be filled with 
water or air аб room-tempera- 
ture to ensure & fixed surround- 
ing for the calorimeter. 


Theory: The quantity 
of heat lost per second by а 
hot body in a given surround- 
ing depends (# оп the tempe- 
rature of the body and lii) on 
the nature and area of the Fig. 38 


exposed surface of the body. 

If a hot liquid of mass mı and sp. heat sı fills about three 
mass m and sp. heat s and requires 
*Q, the average loss 


quarters of & calorimeter of 
tı seconds to cool from 0,°C to ôa 


of heat per second is, 


(me + mass E) У, the e (0 
1 


and of the same volume as the liquid. 


fills the вате length of the former calorimeter and requires ty 
seconds to cool through the same range of temperature (vis.. 
from 01°C to 02°С) in the same surroundings as before then the 


f heat per second is, 


If hot water of mass fs 


average 1088 О 
(ms + ma)(0s — Os) 0:) calories. e ө (2) 
be 
As the rate of loss 
we may equate th 


of heat is independent of the nature of 
e relations (1) and (2). Hence we gef, 


Jiquid, 
(ms + тз) „тё + тә 
ia ts 
om Це sema m] Е з) 
} mı Ча 


с^ The вр. heat 51 of liquid can be found out from (8). 
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Procedure: (i) The mass(m) of empty calorimeter and 
stirrer only (and not of the lid) is determined and а mark is 
made on ite inner wall at & place which is about 2 or 3 cms, 
below the top. 


(iż) The given liquid is heated to about 70°C in a beaker 
and poured in the calorimeter up to the mark. A thermometer 
is fitted to the central hole of the lid in such a way that when 
the lid is placed at the mouth of the calorimeter, the bulb of 
the thermometer may remain at the centre of the calorimeter 
while the stem of the stirrer may come cutside the lid through 
its side-hole, The calorimeter is then kept suspended in the 
double-walled chamber, If necessary, the liquid may be stirred 
by a rotary stirrer and its temperature is noted after an interval 
of 1 minute until the temperature falls to near about 40°C. 


(iii) The calorimeter with its lid and liquid is brought 
outside and is cooled to about room-temperature, This time 
the mass (т + s,) of the calorimeter, stirrer and liquid in it (but 


not of the lid) is determined, from which the mass m of the 
liquid taken is found out. 


than is absolutely necessary. 


fer cools to about 40°С, the calorimeter 

brought outside and cooled to about 
mass (m +m) of the calorimeter, stirrer 
of the lid) is determined from which 
T taken is found out. 


room-temperature. The 
and water in it (and not 
the mass me of the wate 
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to 04°C are found out. On putting the observed data in equation 
(3) the sp. heat sı of the given liquid can be calculated. 


Experimental data: 


(A) Recording of weights and other constants :— 
TABLE Т 


Masses of, 
Sp. beat 


of calo- 


(a) (m (0) — (a) (с) (c)—(a) | timeter 
Calorimeter | Calorimeter Liquid Calorimeter Water and 
+ +stirrer+ taken +stirrer+ taken stirrer 

stirrer V vol of (m) Y val. of (ma) (s) 

(m) liquid water 
(m+) mi отта) T 
...gm+ gmj|...gm+.. gm (..)—(..) | - gmt.. em (...)—(...) 
V.onges | emet +...mg+... 
gm. =.. gm =.. gms. =, gm. =gm. 


a ——— 


(B) Time-temperature record :— 


TaBLE IL 


` 
Time o| 1 
in minutes 


Temperature 
of liquid in *0—- 


Temperature 
of water in °C> 


(C) Drawing of cooling curves :— 

Time (i) in minutes is plotted along the s-axis having the 

origin аз Zero, while the temperature (8) is plotted along the 

y-axis having the value of the origin & temperature, which is & 

few degrees lower than tho lowest temperature noted. Points 
r are plotted on the same graph paper 


for both liquid and wate 
and in each case the points are joined by smooth curves. Thug 
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two cooling curves are drawn, the nature of which are shown 
in Fig. 38(a). Two straight lines are drawn parallel to the time- 


TEMPERATURE (0) IN °C ——> 


| TIME (t) IN MINUTES ———-7 
Fig. 38(a) 


axis from 0," and 02°, so that (0, — 0,) is not less than 20°C Let 
the straight line from 0,? cut the cooling curves for liquid 
and water at A and B respectively, while that from 05? cuts 
those two curves at 4, and B, respectively. Lengths of the 
abscissa ¢, and Ф„ corresponding to points (А, А,) and (В, Bı) of 
the cooling curves for liquid and water respectively are found 
out from the graph. Thus wo get, time required by liquid to 
cool from . °C (01) to ..°C (02) ist, =.. secs, 

Time required by water to dool through the same range 
of temperature = la 7..... .веов. 


Calculation : 

The formula employed ig s=} { бз. (ns + ла) — ms | 
Mı Vig 

Putting the data ob 


$17 


tained in (4) and (O), we get 


cals. per gm. per °C, 
loyed should be heated 


Precautions: (i) The liquid emp 
eutside and not in the calorimeter itself 
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; (ii) To avoid evaporation of liquid, the lid should b 

tightly and, if mecessary, & rotary stirrer should be I 
for an up-and-down stirrer would promote е иа 
calorimeter should be almost filled with the li ae Ei 
initial temperature of the liquid should not Б CAM 
boiling point. ү Е 

(iii) ТЬе temperature of the outsi 

assumed to be the same as ed. Eu ешеш is 
kappon, the calorimeter should be made very LE ; хов this to 
in form with a length about three times its A REN erai 


(iv) To get а fixed surrounding, the calorimeter sh 
Кар suspended їп а double-walled chamber contai 8! оша be 
in their annular space. Aining water 


Oral Questions and their Answers 


1. What is the law which you assume here for finding th 
liquid? [See the answer of oral Q. 4. Expt. 31]. е Sp. heat of 
3 & 3—[Same as oral Qs. 5 and 6 of Expt. 31] 
4, Why is the outside of the calorimeter painted black ? 
To make it & good radiator. > 
5. Is it necessary (o employ the lid of the calorimeter з ` 
?—Yes | 


o. 
otherwise evaporation will increase, causing з decrease of th 
the ma 
зз of 


liquid. 
6. Why are the same vo! 
By this the surface area, 


both cases. 
1. бап you fi 


method ? 
If the liquid is very volatile, its boiling point remains not f; 
аг away 


from the room temperature. Hence tho observation of cooling f 
temperature, which is at least 30°C higher than room ena rom а 
6 would 


not bo possible. 
35. Determination of the thermal conductivi; 
a meíal by Searle’s apparatus. у of 
The apparatus employed is shown in Fig. 39 
tal rod AB of about 3 cm. in diameter . 89. 
A chamber С is fixed at tLe end 4 B. 
e 


lume of water and liquid employod ? 
from whicb radiation occurs, i i 
8, is kept e i 
qual in 


nd the sp. heat of а vory volatile liquid by thi 
18 


Apparatus : 
It consists of à me 
90 cm. in length. 
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rod in which steam can be passsd to heat the rod. A spiral 
tube S of copper is wound over the other end B of the rod, 
in which cold water can be made to circulate. 


STEAM 


Fig, 39 


Two thermometers 7, and T, [reading (1/10)°C] are 
introduced in the pockets P4 and Р» to record the temperatures 
of the in-coming and out-going waters respectively. The water 
enters the spiral tube S from a constant level water-tank Т, 
Two other thermometers T, and Т. (reading 34°C) are 
introduced into the mercury contained in the two holes Hi and 
H, drilled on the rod at a distance of about 7 cm. 


The whole apparatus is covered by felt to prevent th 
of heat. 


apart. 
e loss 


Theory: Let a steady gradient of temperature bo main- 


tained in a highly conducting rod of sectional area A by 
constantly circulating steam at one end and г 


oom-temperature 
water at the other end. 


If 0, and 604 be the steady 
temperatures at the two sections of the rod (so that 017704) 
separated by a distance 1, the heat conducted through the cold 
section at 05 in time ¢ seconds is given by 


(9, — 
Q-EKA4 m 02) t à: e o) 
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Here K is the coefficient of thermal conductivity of the 
material of the rod. If this conducted heat (Q) is exclusively 
supplied (assuming no loss of heat by radiation) to m gms. of 
the circulating water flowing out in i seconds, having its 

temperature raised from 04 to 04, then i 
Q—m (8, — 0,) Re соз (Оў) 

From (1) and (2) we get 

K4'0, —04) t 


i =m (0, — 03), 

І фк, 0ati0s 

Сео un I cos NS TE 
or, К vine ort (3) 


If the initial readings of the four thermometers at room- 
temperature are the same, the highest steady temperatures 
01, 92, Өз and 0, indicated by thermometers 75, Ta, T's and T, 
should be put in the equation (3) to calculate К. But if the 
initial readings of the four thermometers are respectively £i, ta, 
4g and £4 (which is usually the case) the corrections z—(is —1,) 
and y=(t,;~¢,) should be found out which should respectively 
be added algebraically to the observed values of (0; – 605) and 
(64 — 05), so that their correct values may be obtained. 

Procedure: (i) About two-thirds of the boiler is filled 
with water and one or two burners are applied below to 
produce steam. 

(ii) If the rod is uniform in cross-section and a portion 
of it is exposed outside, its diameter d should be measured 
at soveral places of the exposed portion by a slide callipors 
and the mean value of d is found out, from which the cross- 
section (A) of the rod is calculated from the relation A=md"/4, 
If the diameter of the rod cannot be measured (which is 
usually the ease), its value should be supplied. 

(iii) The distance i between the centres of the thermo- 
meters T, and T4 should be measured by a scale. Usually 


this distance is also supplied. 
(iv) The bulbs of the four thermometers T,, Te, T, and Т, 


are placed in their respeetive positions. Thermometers T, 
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and. Te should read (1/270, while the thermometers T, 
and T, should read (1/10)'C. Before the passage of steam 
in the chamber C the initial errors of the thermometers 
(if any) should be found out. For this purpose the readings 
of the four thermometers are noted for 6 minutes at intervals 
of two minutes. Atthis time, the thermometers will record 
steady temperatures. If íi, Ёз, ts and ¢, are respectively 
the readings of T,, Te, Ta and  T,, tho corrections, 
which will have to be added algebraically to the final values of 
(61-62) and (0,—0,) are respectively z—(ta—t,) and 
v=(ts—t,). 

(0) During the operation (iv), steam will be ready. 
The rubber tubes carrying steam from the boiler is now 
joined to the chamber C, while cold water from а constant- 
head water tank Т is made to circulate in the spiral 
tube at the other end. By adjusting the screw-cap (not 
shown in Fig. 39) on the rubber tube R attached to the outlet 
tube of cold water the flow of water is so regulated that the 
temperature difference (0, — Ө») is nearly 8°C. 


(vi) When (0,—05) is approximately steady, tempera- 
tures recorded by four thermometers are noted at intervals 
of 2 minutes until they are steady for at least three 
consecutive intervals. If these steady temperatures 
shown by Tı, Te, T, and Т, are respectively t/j, tts) 
Ёа and #,, corrected (0,—04) would be  (t',—i's)*cm 
while corrected (0,— 04) would be (а=) +. At this 
steady state of temperatures, water from the outflow tube 
(which should not be disturbed during experiment) is 
collected in a beaker of known mass=(w,) for t seconds 
(noted by stop-clock) until about three-fourths of the beaker 
is full. The mass we of beaker with this water in it is again 


determined, from which the mass m=(we—w;3) of water 


collected in ¢ seconds is found out. 

(iii) The experiment is repeated by regulating the flow 
of water, when the difference of temperature between the out- 
going and incoming water, is maintained steady at about 100 
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and 12°C. К is calculated from each set of data by using the 
equation (3) and the mean value is found out. 


Experimental data : 


(A) Diameter (d) of the rod (if not supplied) :— 


TABLE I 


' [Make a chart for slide callipersas in Expt. 10 and take at 


least 5 observations.] 


(B) Distance (1) between the thermometers, Ts and T, :— 
[ If not supplied ] 


(д- + (Gi) + Gi _ 55 cm, 


б 3 


o 
(C) To find initial errors of tho thermometers :— 


TABLE II 
ы: eS AY TENERE! 
E Д 5 
à $ itial readings in °О of Correction | Correction 
a | 3 ue ab to be added | to be added 
A Н lalgebraically algebraically 
ч B to (01—83) | to (04— 04) 
A В is, x= ів y= 
50 8 T, т; т, T, (ts — ts) (6s — 6) 
В 
LEN ашы = 
Bo 0 
Šala 
г |, | 
ag} & 
om 
gaje 


11 
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(D) ime-temperature record of thermométers :— 
TABLE III 


E Th. ч = 
Р 2 Readings іп °C of Uu eg "out 
© я8 |8 thermometers, $245 SoS 
ч ex c оо о oa 
S jos | о әзе Sos 

о Halo не? Ht 
to =o cèl ola lise 
3 Вяс О м OF эз 
[7] А Я] 


When steam ів passed in *g 


(E) To find the mass (m) of water collected in "t seconds :— 
TABLE IV 


r Маза CI Time of Mass of beaker Mass of w. 
18 empty beaker collection + water in Peur 
aE of water collected colle ted in 
(ш) an secs, in £ secs. t secs, is 
(wa) m =(25 — 90.) 


Em ...gm 
+...mg+....mg to 


+....=...gms. 
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(F) Determination of K :— 
; TABLE V 


1=...отв. ; A-—md?|i— — —...sq. cm. 


Time of | Mass of Corrected | Corrected | Value of | Mean 


N collection water value of | valueof | Kincals.| К 
T of waber collected (81— Ө») | (¢a—@n) | persec. іп o.g.s. 
b in secs | in gms. in in *C in *O per em. unit 
pns té) t secs. рег °О | 
М E (m) 
1 
2 
3 


Calculation : 


Formula is, Ж= E z, cb 
li) K= Sa = cals. per sec. per om. per °C," 
G) K= rst mee oon 
liii) K= ue LU T: 2 


Precautions: То ensure ‘steady state’ the temperatures 
indicated by the four thermometers should remain constant 
for at least three consecutive intervals, #.е. for 6 minutes. 

(ii) For greater accuracy, (84 — 04) and (6, 6.) should be 
adjusted to be of the same order ; otherwise the error due to the 
greater exposed part of the stem of the thermometers outside 
the hot bath, may be considerable 

(iii) If the readings of the four thermometers at room- 
temperature differ, then the corrections = and y, which should 


respectively be added algebraically to the observed values of 
(8, — 05) and (0, — 05), will have to he determined previously. 


i 
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(iv) To maintain a steady flow of water, no part of the 
out-flowing rubber tube should be displaced during the time of 
collection of water. 


(v) Time of collection of water should be such so as to fill 
about $6hs of the beaker. By this, the error introduced in 
weighing would be minimum. 


Oral Questions and their Answers 


1. Define thermal conductivity. How does it differ from thermo- 
metric conductivity ? 

Thermal conductivity (К) is defined as the quantity of heat which flowa 
normally per sec. through the cold face of & unit cube when unit difference 
of temperature is maintained between the two opposite faces of the cube. 


‘Thermometric conductivity = 4 ; where p and s are respectively the density; 
and sp. heat of the substance. 


2, What are the unit and demension of thermal conductivity К? 

In c.g.s. system the unit of K is cals. per sec. per om. per °C. The. 
thermal dimension of К is QL-1 T-1 0-1, while its dynamical dimension 
is MLT:30-1. Here Q and 6 represent the quantity of heat and tem- 
perature respectively. 


3. What is the temperature gradient ? 

It is the change of temperature per unit length and is equal to. 
(05 — 03)11. 

4. Doesthe value K depend on the dimension of the гой? 


—No, it 
depends only on its material. 


5. Why do you maintain the temperature difference (84 
10*0 ? н 

The error due to the exposed column of thermometers would be 
minimum when (0,—60,) is of the same order as СА 
about 10?0 ? 


— 605) which is near 


6. Is the method suitable for а bad conducting substance 1 


No, the method is suitable for good conductors only, for which tho. 


_loss of heat by radiation from the surface is negligible. 


7. Why oconstant-level water-tank is necessary for your experi- 


ment ? 


— 0s) near about. 


| 
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Constant-leval water-tank will maintain э eonstant height of 
water which will maintain  eonstant pressure-difierence under 
whieh water is flowing. Hence the rate of flow of water will remain 


steady. 


36. Lee's method of determining the thermal con- 
ductivity of a badly conducting substance. 


Apparatus : The arrangement of the apparatus is shown 
in Fig. 40. C is & circular metal disc over which the badly con- 


ducting circular sheet S i 
is placed. Тһе sheet Sis STEAM 
of uniform thickness A P 


and has the same surface 
area as that of С. А 
steam chamber A ie 
placed on S. The bottom 
B of this steam chamber 
is a thick circular metal 
plate having the same 
surface area as that of S. 


Fig. 40 


To record the temperatures of Band C two holes H, and н, 
аге respectively drilled in them to introduce thermometers 
Т. and Ts. Ti should read up to :9?0 while Ts should read 
up to *]*C. The whole apparatus is kept suspended by three 
chains from a support. 


Theory: Let 6. = temperature of B in the steady state, 


ee » “КОЮДА; ү n 
A=suriace area of the badly conducting sheet S, 
К -thermal conductivity of the sheet S 

and d= thickness of the sheet S. 


Quantity of heat conducted per second through the badly 
conducting, sheet S ів, B 


_ KA(04 — 05) ? ( 
— CVM ку: mo 1) 
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In the steady state, this heat Q is radiated per second from 
the lower disc C. If m and s bo respectively the mass and вр. 
heat of C and dé@/dt be its rate of cooling at its temperature 
2, the heat radiated per second from Cis 


Q= 56, © e E (2) 
dt 

From (1) and (2) we got 

dé 
К med 
AlO, ke 04) \ 

Procedure: (i) The mass (m) of the disc С is determined 
by a rough balance, say by a spring balance, after noting its 
initial reading (if it is other than zero) The sp. heat s of tho р 
material of C is found out from a table. 

(i) The diameter (27) of the sheet 6 is determined by a - 
scale and its area A=7r° is found out, 

(i) The thickness à of the sheet 5 їз measured by a 
microscope. Тһе vernier constant of the microscope is first 
determined. A paper with a cross mark on it is attached 
fo the upper slab В, When the sheet Sis with 
B and C, the microscope is focussed оа the cross 
the reading (R,) of its scale and vernier is noted. 
S is then takan out and the same cross mark is agai 
by the microscope and the reading (R 
is noted. The thickness (d) of th 
obtained from, d=R,~R,. 


or four different points taken 
found ont, 


(v) After determining the initial errors (if any) of the 
thermometers T, ang Т», steam is passed in A and the 
femperatures 0, and 0s of Band C respectively aro noted at 
intervals of 5 minutes, until they remain steady for at least 
three consecutive intervals, i,e, for 15 minutes, 

(0) The chamber А and the sheet S are then removed 
(the former being placed оп а tripod stand kept on a wooden 
slab) The disc C is then heated uniformly by playing 


EM © (8) 


in the discs 
mark and 
The sheet 
n focussed 
з) of its scale and vernier 
e sheet S would then be 
This operation is repeated for three 
оп B and the mean value of d is 
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a burner on it until its temperature is 5° or 6° above 
the steady temperature of the disc B. The burner is then 
ramoved and when the upper and lower surfaces of C assume 
the same temperature, the sheet S is again placed on C. 
Tbe fall of tempera- e 

ture of C is then g 

noted at intervals 
of $ minute until 
its temperature falls 
below 64 by about 
10°C, A graph is 
thon drawn with 
the time of .cooling 
(t) as the abscissa 
and the temperature 
(0) of C as the ordi- 
nate (Fig. 41]. A 
tangent is drawn to the 
the ordinate is 0s. If this 


sc 


о Temperature іл 


L Я 
Time іа minutes —> 
Fig. 41 ү 

curvo at a point (P, say) of which 
tangent makes an angle Ф with 


the time-axis, then 9 at бе is given by, 


value of the ordinate at the point (P) of the curve 
t made by the tangent on time-axis 


d0 _ 
—À ti = = 
dé xi intercep 


=PN/NL. 


Experimental data : 

(A) (i) Mass (m) of disc C :— 

Initial reading of the pointer of spring balance=21=.. lbs, 
Final » КИТ » = та ...Ibs. 
Mass of the disc —qm-—(z, — £1) lbs. = (£o — 21) X 4536 gms. 


(ii) Area (A) of the sheet S :— 


Diameter of the sbeet: S-2r— 3 ~=...0m. 


Area of the sheet §=A=mr* —...80. cm. 
(sii) Sp. heat of the disc C — 57 .. (given). 
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(B) To find the thickness (d) of the sheet (S) :— 


, eed. = ва„ 
or, Í vd.= sd. 
But, 1 s.d. 9 ... y. 
Me v.c. — (15d. — 1v.) — ...5.d, =.. cm. 
TABLE: I 
Readings in em, for the Readings in cm. for tho R 
.|eross-mark on B with the | same cross-mark without | g'a à 
sheet S on О, the sheet S. bis В 
S05 || oe at д 
of | Seale Vernier 1 | Scale Vernier | 15| ар "s 
bs. Read- Reading |8 Eje read- | | Reading ister Fn a 
ing |= V-(v.r.) x SBi] ing |-Y (or) x as | 23 3 
S і а 5 zi 
(S) (v.c.) а (S) | (v.c.) Ва? 8 = 
=] LT аа аи ы EON 
«1 
2 
8 
4 
ЕЕЕ Áo EM 


(C) To find the 


initial errors 
and T, :— 


of thermometers 25 


Initial reading in °G 3 
of th Š Correction to be 
ermometers, added algebraically 
to (64 — 0) is 
х= (0—1) 


=———— E 
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(D) Time-temperature records of B and С — 
TABLE III (Room'temp,=...°C) 


"fime in minutes 


Temp. of B in °C 
— 


Temp. of O in °C 


(E) Т 'ime-temperature records of О during its cooling :— 
TABLE IV (Room temp. =...°0) 


Е а 


"Temp. of | 
reste, Noe ee ex | T 
5 


(Е) Drawing of cooling curve for ihe lower disc C amá 


do 
to find at = 
A curve is drawn with the temperature (0) of C as the ordi- 
nate and the time (t) as abscissa [Fig. 41]. Thisis the cooling 
curve of C. Then s point (Р, say) оп the curve is selected, the 
value of whose ordinate is 0s. A tangent is drawn to the curve 


` at this particular point which makes an angle ¢ with the time- 


axis. Then the rate of cooling at 0, is given by 


40 _ tan ies value of the ordinate at the point of the curve 
dt " value.of-the intercept made by tangent on time-axis 
= PN/NL. 
Calculation : 
ms aad 


— . cal. per sec. per em, per °C. 


Corrected value of (0; — 05) should be put in the formule 
to calculate К. 
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Discussions: (i) Noting of temperatures 0, and 6, of B 
and C respectively should be discontinued when they remain 
steady for at least 15 minutes. 

(ii) The temperature of the lower disc C, during cooling, 
should be noted at intervals of half a minute, or more fre- 
quently if the rate of cooling be very rapid and 16 should be 
allowed to cool with the non-conducting sheet S on it. 

(iii) To make the loss of heat by radiation from the sides 
of the sheet Sa minimum, the diameter of the sheet should be 
made large in comparison with its thickness. ? 

(iv) То find the rate of cooling of the disc C its position in 
the dynamical experiment should be the same, as it was kept 
in the steady state of temperature. 

(v) Room-temperature during dynamical and Steady state 
experiments should be noted to see whether the temperature 
of the Surroundings is remaining the same during the two 
experiments, 


(vi) The diameter of the sheet S should be made equal to 
those of В and С. 


Oral Questions and their Answers 
1—4. [Same as in Expt. 35]. 
5. Can this method be applied to the case of a liquid ? 


If the dise S of the Specimen is replaced by a thin-walled flat-end 


receptacle containing the liquid the method is applicable to find K of a 
liquid also. 


6. Can you Suggest any rough method. 


of finding 26/46 of the lower diso 
C at 65? 


Tf the dise C ba heated to some temperature 8% 
sool to а temperature 0, эз much below 65 аз 8 
of cooling of the dise C at êa is approximately give: 
the time taken by the disc C to cool from 6, 


above 0, and allowed to 
в із above it, then the rate 
n by (04 —0,)/t, where ¢ ів 
to 04. ; 


—— 
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37. Meaning of some terms connected with accous- 


tical experiments. 

(i) Vibration of a particle or of a body capable of 
vibration constitutes its periodic to-and-fro movement. The 
particle ог the body is said to have performed one complete 
vibration, when starting from any point of its path it next 
comes back to the same point and begins to move in the same 


direction as before. 

(ii) Simple Harmonic Motion (S.H.M.) of a particle is. 
its periodic to-and-fro movement, ina straight line, such that. 
the acceleration of the particle is proportional to its displace- 
ment from ‘а fixed point in its path of motion and this 
acceleration is always directed towards that fixed point. 

The vibration of the prong of a tuning fork is an example: 


of S.H.M. 
(iii) Period (T) of vibration of & particle is the time taken 


by the particle to perform its one complete vibration. 
(iv) Frequency (n) of vibration of & particle is the number 
of complete vibrations which the particle performs in one 


second ; љ= 1/7. 
(w) Amplitude (a) of vibration of a particle is its maximum 


d¢splacement on either side of its equilibrium position. 


(vi) The phase of a vibrating particle at any instant of 


time is а quantity, which determines its state of displcement 
and direction of motion at that instant. і 

The phase of а vibrating particle аб any instant is usually 
s of the angle (counted from а standard posi-' 


measured in ferm 
tion) which its corresponding revolving particle on the auxiliary 


circle describes at the centre of the circle at that instant. 


uw 
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Two vibrating particles are Баа to be in ino aptas in the 

opposite phases according as their phase difference is even or 
iples of 7. 

E E ah force is that whose magnitude and direction 

ате changing regularly with time and they (magnitude and 

direction of the force) return to the same value after а minimum 

interval of time known as the period of the force. 

(vi) Free period of a body capable of vibration is the 

‘period (T) with which the body vibrates when it is disturbed 
and left to itself, 

(iz) When a periodic force is applied to а body capable o: 
vibration so that the period (or frequency) of the applied force 
is different from: the free period (or frequency) of the body, 
the body at first makes an irregular vibration and ultimately 
vibrates with a pariod (or frequency) equal to that of the applied 
force irrespective of its free period (or frequency), Such kind 


of ‘vibration, which the body performs, is known as forced 
vibration. 


When the stem of a vibrating tuning fork is held in contact 
h a hollow wooden board, the bo 


tion and the sound of the f 
Vibration of the large volu 
(z) Resonance 


wit ard performs a forced vibra- 
ork is much intensified due to the 
me of air in contact with the board. 
is a special kind of forced vibration in 
which the period (or frequency) of the applied force is equal to 
the free poriod (or frequency) of the body. 
In resonance column experiment the sound of the tuning fork 
is much intensified due: to resonance, which occurs when the 


ork becomes equal to that of the fundamental 
tone or of any one of the Overtones of t 


he note produced by the 
vibration cf the air column, 

(ci) ‘Wave is а disturbance which is communicated to & 
number of elastically bound Particles placed in a row. The 
disturbance is gradually handed down from one particle to the 
next in the row. The phases of vibration of all the particles 
in the row are not the same ; they (phases) decrease regularly 
and systematically as we advance forward from the origin’ of 
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«айлына ШЕ the other particles in the row one by опе. None 
9 line particles is displaced bodily from its own position but 
is simply vibrating about its mean positions. If the particles 
perform S. H. vibration during the propagation of the are or 
disturbance, the wave will be called a Harmonic wave. The 
wave will be called transverse or longitudinal, according as 
the particles of the medium (through which wave is proceeding) 
vibrate at right angles to or along the direction of wave 
propagation. 

Transverse i WENG comprises alternate crest and trough 
while the longitudinal wave comprises alternate compression 
and rareaction. The wave produced in a stretched string by 
plucking it with finger is an example of transverse wave, Sound 
waves inairor in any other gaseous medium are examples of 
longitudinal waves. 

(zii) Wavelength (4) of a wave is the distance by which 
the disturbance proceeds during one complete vibration of the 
particle at the origin of disturbance. It may also be defined as 
the least distance between two particles on the wave which are 
in the same phase of vibration. 4 

(ciii) Progressive wave (which may be undamped transverse. 
or longitudinal) is that which advances in all directions inan in- 
finite homogeneous medium. All the particles, through which the 
wave proceeds, will perform the same kind of. periodic motion 
and the amplitude and periodic time of all of them will be the same. 

(wiv) Stationary wave is that which is produced by the 
superposition of two identical waves (which may be transverse or, « 
longitudinal) travelling in opposite directions with equal speed 


and in the same straight line. 

The result of this superposition of two identical waves is, 
that some equidistant particles of the medium remain at rest for 
all times and the positions of these particles are known as nodes. 
In between two consecutive nodes there are particles which 
vibrate with the maximum amplitude and the positions ofthese 
particles are called antinodes. The distance between any two. 


consecutive nodes or antinodes is half of the wavelength, i.e. 
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equal to A/2, while the distance between a node and next 
‘antinode is 4/4. 

This kind of wave may be produced ina finite homogeneous 
medium by the superposition of direct and reflected waves as 
аге formed in the air column of the resonance column apparatus 
whose one end is open, while the other end is closed by water. 

(zv) Beats аге the phenomena arising out of the superposition 
of two nearly identical waves travelling in the same direction. 
When the waves from two sources of sound of nearly equal 
frequencies travel in the same direction, they (the waves from 
the two sources) by their superposition on a particle of the 
medium cause it to vibrate with an amplitude which varies 
periodically between maximum and minimum values. The 
periodic variation. of the amplitude of the particle produces a 
periodic waxing and waning of the intensity of the resulting 
‘sound at that point which are known as beats. The number 
‘of beats per sec. (i.e. the number of maximum sounds per second 
‘or the number of minimum sounds per second) is equal to the 
difference of component frequencies. 


(т) Tone із a pure sound having опе. definite frequency. 
The sound emitted by a vibrating tuning fork, when not struck 
violently, is а tone. 


(xvii) Note is a complex sound which is formed by the 
mixture of several tones. The sound emitted by a string or an 
organ pipe is a note. 


(xviii) When a note is analysed, we find the presence of a 
number of tones in the note. The tone in the note, whose 
-frequency is the lowest, is called fundamental tone. The other 
tones in the note, whose frequercies are higher than that of the 
fundamental tone, are known as overtones, 

If the frequencies of the overtones are simple integral 
multiples of that of the fandamental tone than those overtones 
are called harmonic overtones or harmonics, The frequencies 
of the harmonic overtones, which are produced by the 
vibration of the air column in the reasonance column apparatus 

are odd multiples of that of the fundamental. The transverse 


vibration of а stretched string produces a побе in which the 


3- 
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frequencies of the harmonic overtones are both odd and 

multiples of that of the fundamental. The sound emitt aer 
the vibration of a bell contains inharmonic overtones AR 
(xis) If the frequency of the sound emitted Буа bc 4 
is double. of that emitted by a body B, the frequenc iu 
said to be octave higher than that of В. je 


38, Determination of the velocity of sound in moist 
air at room-temperature by resonance column method 
andthento apply temperature and moisture corrections 


Apparatus: It consists ofa long, wide and open-mouthed © 
glass tube whose lower end is closed by a rubber cork. [Or ra 
lower end is connected to а reservoir of water through e 
rubber tube. By raising or à 
lowering this reservoir, the water pn 
level in the pipe can be raised or 
lowered]. Water from a reservior 
or from а tap сап be introduced 
in the tube through an inlet pipe 
at its lower end. The water 
level in the tube can be raised 
or lowered or can *be kept 
fixed at any position. There 
is a metre scale by the side 
of the tube by which the 
length of the air column in the 
tube from the open end to the 
water level can be determined. 
The arrangement is shown in 
Fig, 49. 

Theory: When a vibrating 
fork is held over the mouth of 
a tube containing $n air column 
of variable length, waves set up Fig 42 


by the fork will proceed down- 
ward in the air of the pipe and will be reflected back fror 
n n 


the water surface. The superposition of direct and reflected 
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waves will веб up stationary waves in the air of the pipe. 
in which water surface is always а node while the open end 
is always an antinode. 

When resonance occurs with the shortest length (l4) of the 
air column, the frequency of 
the fork becomes equal to 
that of the fundamental tone 
of the air column and the 
nature of this vibration is 
shown in Fig. 43(а). In this 
vibration, a node is formed at 
the water surface, while an 
antinode is formed at a dis- 
tance z(z = `.. X d nearly, where 


-— —— 


d is the internal diameter of 

the pipe) above the mouth of 

the pipe. Ѓ 

Hence 1, 2 А/4, Е) 
the distance between & 

node and next antinode is + of 


N the wavelength (A). 
(5) When the length of the: 
Fig. 43 air column is increased бо le 


(which is about 31,), a second resonance occurs due to the 
aquality of the frequency of the fork with that of the first 
overtone of the air column. The nature of vibration of the air. 
column at this stage is shown in Fig. 43(b). Here we get, 
le +=. ds б. ат 

From (1) and (2) we get le -l1 = А19, от, А=9(1„-1у). 

Hence V 74 = 2n(ls — lı). 

If Vo be the velocity of sound in dry air and at 0°C, the 
value of Vo can be calculated from the observed value of V 


from the relation il (8 


y,» vu] B= ga se (4) 
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By noting the barometric height B (in mm. of mercury) and by 
finding the saturation pressure of water vapour f (in mm. of 
mercury) at room temperature £C, we can calculate Vo from (4), 
for <= тўз is known. 

Procedure: (i) After determining the vernier constant of 
the scale of barometer, the height of mercury column (B mm.) is 
determined in the usual way from the scale and vernier attached 
to the barometer. 

(is) The temperature (£C) of air is determined by а 
thermometer attached to the barometer and the water vapour 
pressure (f mm.) at ¢°C is found out from а table. 

(iii) The tuning fork of known frequency (») is struck on 
a rubber pad and held over the mouth of the pipe. The water 
level, from the top of the tube, is gradually lowered until first 
resonance occurs for the shortest length of the air column. 
When resonance is about to occur, the water level is slowly 
lowered or raised until the maximum sound is obtained. The 
reading of the scale corresponding to this water level is noted. 
This is repeated thrice and the. mean of these three readings 
gives lı» 

(iv) The water level is lowered down until the length of the 
ately three times the former length 
lowly adjusted until the maximum 
sound is obtained for the second time. The readings of the 
scale corresponding to the water level is noted and this is also 
repeated thrice. The mean of these three readings gives le. 

(v) By putting the mean values of lı and la in equation (3), 
the velocity Y of sound in moist air and at room temperature 
190. is calculated ; for the frequency т of the fork is known. 


H D H 
air column becomes approxim 
1,. The water level is again 8 


Experimental data : 
(A) Noting of room temperature :— 
=t,C.= а. 


(i) Temp. before experiment 
=t; 0.= 0. 


after » 
g expt. = 0.= (=н, 590 


» 
Mean temp. durin 


12 


178 PRACTICAL PHYSICS 


(i) Coefficient of cubical expansion of a gas =«= 1/273 


per °С. 
(B) Recording of barometric height (В mm.) :— 
Smallest scale division (s.d.) = ө ст. 
+ vernier divisions (v.d.)— Ut s.d. 


1 v.d, = son s.d. 
Vernier constant (v.c.)9  ls.d.— l v.d. =" s.d. = ***cm. 


TABLE Т 


ix Vernier 
i а H reading Totol Mean Vapour 
Time of | Š 2 ^| inem. reading barometric pressure (f) 
record 3 An! (V)= in em. height (B) of yaer in 
bo = а mm. of mer- 
НЕ ir х B-(S-V)| in mm. ошту БО 
Before (Gs 099) 
expt. E =... 
After (...)х(....) 
expt. ede m. 


(C) Recording of resonant lengths of air column :— 


TABLE IT 


Length in em. of, 


оу, V= Mean 7 
© i 2n(1,—1,) | V in 
First 1 Second CIE YE 
za) fos resonance Yr resonance Mean EIE em.[ 

(11) i) (la) (5) at t вес. 
(i) a = E n 5:3 


E Po n ce cei ME 


Caleulation : 2 
(4) y-9n(l; -14)— e se = om./sec. at t0. 
(ii) ye = ++-em:/sec. at t^ C, 


(iis) Vo” r/?- 23a =) = + = om./sec. 


= 
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Precautions: (i) To get first resonance the length of the 
:air column should be increased from a low value. 

(ii) Near resonance, the water level should be changed 
very slowly and should be kept fixed at the position where 
maximum sound will be heard. 

(225) If the length of the resonance tube is not very large, 
then the frequency of the known fork should not be very low 
-otherwise second resonance will not be obtained. 


39. Determination of the velocity of sound in moist 
„air at room temperature and hence to determine the 
frequency of an unknown fork. 


Apparatus: [Same as in Expt. 38, Fig. 42.] 


Theory: [Write the theory of Expt. 38 up to equation (3) 
and then add the following paragraph]. 
It lı’ and Js! are respectively the first and second resonant 


lengths with the fork of unknown frequency п! then from eqn. (3) 


we may write, 
V=2n! (lg! = 1.) 
j or, n= V/2(te’ 1.) M00 em (4) 
Knowing V from ean. (3), n’ can be found out from eqn. (4) 


Procedure: (i), (ii) & (фи)—[8аше ав the items (iii), (iv) 


` «and (v) respectively of ‘Procedure’ in Expt. 38.] 


(iv) The above two operations (i) and (ii) are repeated 
with the fork of unknown frequency т! and the mean values 
of the first resonant Jength (1,/) and second resonant length (la) 
termined. The unknown frequency n’ is then calculated 


are de 
by putting the value of Y obtained from eqn. (3). 


from (4) 


Experimental data :— 
ginning of experiment —14"C — «C. 


Temperature at the be 
» » =t, 0-0. 


» » ” 


‘Thus the temperature during experiment is almost steady. 
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TABLE I 


Result (velocity 


Frequency Lengths in em. of, or frequency; 


of the 


fork 


First Second y= 
(n) resonance nin resonance 9n(ls —1,) Aroan 
(1) Б (la) сш./ѕес. 


Known a ran iS t ad ye 
(n) я 


sec. 


Frequency — 


Unkno + п = 
x "m 20, —1) 


/ .. 
m cem a vibrations per 
sec. 


Calculations : 
li) V=22nlle —11)9 ++: = em. per sec. 
etc. etc. 
212 » / AUI а Vo, CN mc =... 1 u i 
(ii) m 90721) vibrations per sec.. 


Precautions: (;) & (i;)—[same as in Expt, 38.] 

(iii) If the resonance tube is not sufficiently long, then: 
the frequency of both known and unknown forks should not be 
very low, otherwise second resonance will not be obtained. 

40. To-draw (n-1) curve with resonance column of 
air and hence to find the frequency of anunknown fork.. 

Apparatus: [Same as in Expt. 38. Fig, 42.] 

Theory: [Write the theory of Expt. 38, up to the equation: 
(1) and then add the following paragraph.] 

But the wavelength A of the wave is given by, A=V/n.. 
Hence 1:+2=V/4n. If l1+a=l'=corrected length between 
a node and next antinode then 1 = V/4m. Thus at a constant. 
temperature (when V is constant), œ 1/л. Ifa graph be drawn 
with the frequency (n) along z-axis and the corrected length 
(V) along y-axis, then the graph would be a rectangular hyper-. 
pola. From this curve, the frequency of an unknown fork: 
corresponding to its first resonant length can be found out. 
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Procedure: (2) The internal diameter of the mouth of 
the pipe is measured in several directions by a slide callipers 
and from the mean value (d) of these diameters, the end 
«correction æ of the pipe, («= '8d) is found out. 

(ii) A set of tuning forks (usually eight) are taken, the fre- 
«quencies of all of which are known excepting one. These forks 
are then kept arranged on the table in the descending order of 
+heir frequencies keeping the unknown fork at the last place. 

(iii) The tuning fork of highest frequency is struck on 
:a rubber pad and held over the mouth of the pipe which is 
‘almost full of water. The water level from the top of the tube 
is gradually lowered until first resonance occurs for the shortest, 
length of the air column, When resonance is about fo occur, 
the water level is to be raised or lowered very slowly until 
maximum sound is heard. The length of the air column in the 
pipe is measured by & scale. This is repeated for three times 
-and the mean of these three shortest lengths gives lı. When 
"за is added to this lı we get the corrected shortest length (0) 
‘of the air column for the first fork. 

(iv) Тһе above operation (iii) is repeated for the remaining 
forks, taking one by one in the descending order of frequencies 
jn which they are kept arranged. Lastly, the operation (iii) 
is also performed for the unknown fork. In each case the 
corrected length (/') is found out. 

(v) A graph is now drawn with the frequencies (n) of known 
forks as abscissa nnd their corresponding corrected lengths (1') 
for first resonance as ordinate. The graph would be a rect- 
angular hyperbola. From this graph, the frequency of the 
unknown kork, corresponding to its corrected first resonant 


ilength is found out. 


Experimental data : 

(A) Internal diameter (d) of the pipe by slide callirers :— 

Value of the smallest scale divisions (s.d.) —...em. 
а... 8.1. ; Л. 1 ud.=...s.d. 

оса v.d. =h... 2.) sd. ...0m., 


‘Instrumental error=  ... Cm. 
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TABLE I 
——— 
= ё Vernier 
э 4 i Total Mean 
5 E READS inom. (V) „reading | corrected NIC 
2 om, (S) —(v.r.) inem.=d diameter asa mn 
Z ` x (v.c.) =(S+V) | (a)in em. 
(x) М 
Де =... 
Cx C.) 
9. aS, e 
! ED 
to. 
ree) X (C 
4. ( =... ) 
ULT 


(B) Frequency — Resonant length records :— 
Temperature before experiment =, °С. — ...?C. 


: » after eH = 0. $01 
TABLE II 
No. | Frequency /First resonant | Mean Corrected Frequency 
of | of the fork length (1,) 1, length = of unknown 
obs. (n) in сш. in cm. V=1,+°3d fork from 
in em, graph. 
1. 512 oe wee 
2. 480 P Ка М 
te, te. te. vibrations 
е ы ete ete. etc. per 860; 
7. | 9% = х un 
8. | Unknown on àv El 
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(C) Drawing of (n — l') curve :— 

[Procedure is the same as the drawing of (n— 1) curve with 
sonometer. See item (B) of experimental data of Expt. 43]. 

Precautions: (é) £ (ii)—[Same as (;)and (22) of Expt. 38]. 
(iii) First resonant length (/) will vary inversely with the 
frequency, provided the velocity of sound is constant, As the 
velooity changes with temperature, the recording of tempera- 
tures before and after the experiment should be made, to know 
whether there is any appreciable variation of it during the 
experiment. 

(iii) Determination of the frequency of the unknown fork 
will be better done from the straight line curve, obtained by 
plotting n along z-axis and 1/l’ along y-axis than from the 


smooth curve connecting frequency (n) and corrected first 


resonant length (0). 
Oral Questions and their Answers 


1. What do you mean by the terms: forced vibration and resonance ? 


What is the differénce between the two 9 
[See Art. 87, items (iz) and (z).] 
а. What is the distinction between в tone and a note ? 
^ [Ses Art. 87, items (cvi) and (cvii).) 
8. What is the difference between overtones and harmonics ? 
; [See Art. 87, item (zviii).] 
4. Do you consider the sounds emitted by the tuning fork and the air 
column in the pipe, as tones or notes p 
The tuning fork produces a tone when it is not struck violently while the 
air column in the resonance pipe always produces a note. 
B. What are stationary waves ? How are nodes and antinodes produced ? 
[See Art. 87, items (xiv).] 
6. What are transverse and longitudinal waves? What do you mean 
by wavelength ? [See Art. 9T, items (xi) and (cii).] 
7. What tones of the air column are in resonance with the fork ? 
The first resonance occurs between the tuning fork and the fundamental 


tone of the sir column while second resonance occurs between the tuning 


fork and firat overtone of the air column. 
8, Is it possible to obtain more than two resonances in the pipe ? 


Yes: when the length of the air column is about 5 times of that 
required for first resonance, We shall get third resonance between the tuning 


fork and second overtone of the air column. 
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9. Are the overtones emitted by the air column harmonics ? 

Yes, frequencies of overtones are odd multiples of that of the funda- 
mental and hence the overtones are harmonics. 

10. What is an end error ? 

The antinode at the mouth of the tube is formed at some distance x 
above it and this distance is à measure of the end error which is approxi- 
mately = 6 x (radius of tube). 

11. Will the resonant length vary, when the temperature and pressure 
of air in the pipe vary. 

Increase of temperature will cause an increase of velocity in air and 
hence (1,—/,) will increase for the frequency (л) of the fork is constant. 
Velocity is independent of pressure and hence (1, —7,) will remain unafiected 
with the change of pressure. 

12. How will the resonant length be affected with the change in the 
nature of the gas in tho pipe ? 

If the density of the gas be high, then V will be less and (/,—7,) will 
also be less. 

18. How does the reflection of waves take place in resonance pipe ? 

The vibrations of the tuning fork at the mouth of tho pipe produce 
alternate compressions and rarefactions which will be reflected from the 
water surface without any chango of sign. 


41. Determination of the Frequency of a tuning 
fork by a sonometer. 


Apparatus: The sonometer employed here is а monochord 
which consists of a hollow resounding wooden box W on the 
upper surface of which a fine uniform steel wire SS is kept 
stretched [ Big, 44]. 


Graenus Lap 


B2 „Єў 
ЇЇ TIT TT 


т=ст== | hr 


Fig. 44 


The wire passes over the two fixed bridges B, and Вз at the 
two ends of the box. One end of the wire is attached to a 


= 
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- pin P while its other end passes over a pulley Z and is attached 
+о а hanger H on which loads can be placed to stretch the 
wire. There are two movable bridges like By below the wire 
‘by moving which the vibrating length of the wire can be altered. 
There is metre scale MM by the side of the wire by which its 
vibrating length can be measured. 


Theory: When a flexible stretched string of finite length 


Lis plucked, transverse waves 


will. proceed along the string Nan 


T 
with a velocity у-3/2 where „>= == ju REN 


T and m are the tension (in Fig. 45 
.dynes) and mass (in gms.) 

per unit length of the string respectively. These waves will 
reflected from the fixed ends of the string and will 
n the direct waves forming stationary waves, in 


tbe 


:superpose О 
which nodes and antinodes will be produced. If the string 


vibrates in its fundamental or simplest form, then it will 
-yibrate in one segment only [Fig. 45] having nodes at the two 
fixed ends and an antinode at the middle, so that 1= 4/2, or 


= 9l. 
T 
Now, V=na= JZ 


Шү. ү уй : 
noth Tod E [ for fundamental vibrations ]. 


If the mass of the hanger be m; gms. and the load on the 
thanger be W kilos, then the total stretching load = M — (1000 
(W+mn) gms. Hence the tension of the string is, T'— Му 


1 NENT M 
п= 72N m B m - (1) 


m 


«dynes. 


f the given unknown fork is brought in unison with the 


I 
emitting its fundamental tone, then the 


length J of the string, 
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frequency (п) of the fork will be equal to that of the string 
and hence n can be calculated from the relation (1). 


Procedure: (2) First, the mass per unit length (7) of the 
string is to be determined. For this purpose, a sample wire is. 
taken and its length (Z) is measured accurately by a scale while 
its mass (w) is determined by a balance. Hence mass per unit: 
length m (=w/L gms. per. om.) is determined. Weighing 
should be made either by observing equal displacements of 
the pointer on both sides of the central line (in which a rider- 
is to be employed) or better by oscillation method. 

The unloaded hanger (H) is detached from the wire and 
its mass (m; gms.) is determined by a balance (usually the 
value of m» is supplied). Then it is kept tied to the end of the: 
wire. 

(ii). A suitable load, of W kg. (cay 2 kg.) із placed on the: 
hanger to give some tension to the wire, so that the total 
Stretching load of the wire is M=(1000W+m,) gms. The 
two movable bridges below the wire are then kept separated by: 
& very small distance until the sound emitted by the string. 
is shriller (high pitch) than that of the fork. j 

(iii) The prong of the fork is struck by a hammer and its: 
stem is held on the board when a loud sound is heard due to. 
the forced vibration of the board. The string is plucked by 
hand when another sound will be heard. The position of 


one of the movable bridges below the wire ig then shifted’ 


slowly to increase the length of the wire between the two. 
bridges until these two sounds are in unison. At this unison,. 
(1) а small paper rider placed on the wire will be thrown 
down when the stem of the vibrating fork is held in contact. 
with the board and (2) beats between the sounds of the fork: 
and the string will disappear. As this unison occurs with. 
the shortest length of the wire, we conclude that this unison: 
occurs between the fork and the fundamental tone of the. 
string. [A preliminary adjustment may be made to find the- 
approximate position of unison of the string, For this purpose,, 
the movable bridges should be kept at a sufficient distance, 
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apart. The central region of one prong of the vibrating fork is. 


made to touch the wire very lightly near one bridge and it is. 


slided on the wire towards the second movable bridge until at a 


particular point of the wire, в sharp cracking sound is heard. This 
point of the wire is the approximate position of unison. The first. 
movable bridge is then brought to this position ofthe string and 


the exact position of unison is then determined by employing. 


the mothods described in (1) and (2)] 
(iv) The length of the wire between the two movable 


bridges is measured by а scale and this observation of finding: 
the minimum length of the wire. which is in unison with the 
fork is repeated thrice. The mean of these three observations. 
gives the resonant length (J) of the wire, from which U/l? is 


found out. 


(v) The operations (ii) to (iv) are repeated with two other- 


loads (say 2'5 kg. and 3 kg. on the hanger and in each case 
the ratio of the total stretching load M in gms. to the square of 
the corresponding mean shortest resonant length J in ош, of the: 
wire (i.o. 20113) is found out. The mean value of МП" from 
these three observations, when put in the eqn. (1) we get n the: 


frequency of the unknown fork. 


Experimental data: 
(A) Mass per unit length (m) of the string :— 


TABLE I 


We eo 


Mass per unit 


Length of Mean Mass of the 1 

sample L sample string length of the 

string 1n in om, in gms. (w) sample =m = 

em. (L) w|L gms. per om. 
ИНЕТЕ 225 


wee B-to-B, 
omg. se. 


=...gm. 


etermined by oscillation method then make 


м.в. [If the mass is to di 
)] before Table I and take each resting point. 


another chart [ss in Expt. 12(b 
P, Qand R only once.] 
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(B) Load—Resonant-length records :— 
TABLE II 


Mass ofthe hanger=m,= © gms, 


TU 
a [59 4әов 5. 
A |5 ааъ Èa] Mean 
Е 8 goles ant Bac 1 еце Mean | Frequency 
ols 28 аө КЕ $ 95| іпсш. mie M/i2 (n) 
s 88582 Sigge 
ан prp 
als 2 
vibrations 
9: 
2 2:5 : per sec. 
3. 3 


N.B. [The magnitude of the maximum load applied, will depend 
-on the diameter of the wire, and it should be below half of the breaking load 
of the wire. For the same string, M/1? should be nearly constant.] 


Calculations : 
1 MEL = 
acit - Ja mee = vibrations geo, 


[By putting the values of m from Table I and mean M/L? 
from Table II]. 

Precautions: (i) To avoid resonance between the fork 
and the higher tones of the string, always the shortest length 
of the string should be brought in resonance with the fork. In 
‘tbat case resonance will occur between the fork and the funda- 
mental tone of the string and the formula employed would be 
correct, 

(ii) The string should be plucked in such a way that the 
intensity of the sound emitted by the fork and the string should 
‘be of the same order, otherwise beats cannot be heard clearly. 
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42. To determine the densit, 
х ty of the materi. 
wire by employing sonometer. Ar 
Apparatus: [Same as in Expt. 41, Fig. 44] 
Theory : [Write the theory of experiment 41 up to th 
equation (1) and then add the following paragraph.] 1 > 
If p and d are respectively the density and diameter of th 
sonometer wire, then, m=m07p/4. Hence the equation (1) 3 
re- 


duces to, 
DEL Ma. M. 
ON m l? 2N md*p Ta 


1) ee m eee (2) 


eR) 
or, р= al 
(2) may be employed to find p. 

(i) The diameter (d) of the sonometer wire 
five or six: different places by & screw gauge 
o the readings are taken in two directions at 
her. When the mean diameter ig correc- 
tal error of screw gauge, we get the exact 


The eqn. 
Procedure : 
is measured at its 
and at each plac 
right angles to each ob: 
ted for the instrumen 

value of d. 

(ii), (iii) and (iv 
of ‘procedure’ of Expt. 41. 

(v) The operations (ii) to (iv) are repeated with two other 
loads (say 2°5 Kg. and 3 Kg.) on the banger and in each case 
the ratio of the total stretching load M in gms. to che m 
of the corresponding mean resonant length (1) in em. of the wire 
[i.e. 2/17] is found out. The mean of these tbree values of 
Mj when put in tho equation (2) we get p, the density of the 


sonometer wire. 


)—[Same as the operations (i) (iii) and (iv) 


Experimental data d 
(A) To find the diameter (d) 


TABLE I 


of the sonometer wire :— 


go chartas in Expt. 8 and take obser- 


[Make а screw gau 
different places of the wire.] 


vations at least in six 
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(B) Load—resonant l*ngth records :— 


Mass of the hanger mg =*=! gms. 
The frequency of the given fork =т= ::** vibrations per вес. 
TABLE II 
Ф l^ 
a ^ „чоч с 
3 EIS ESE яры AS Density of 
H— Sei+] ga] Mean 18195 
S| BAS е е | аза 1 мї Меап wire in 
:|meg9|$S52385|99Bi!i; мі? gms./c.c. 
о ааш 22258 | по | nem. (о) 
а ALE aS | as p 


Calculations :' 


ANT AE age 
Pup gms./c.c. 
[By putting the values of (given), d from Table I and mean 

U/l? from Table II p can be calculated.) 


Precautions: (é) & (22) —[5аше as (i) and (ii) of precautions 


-of Expt. 41.] 
Giz) As 1 and d occur in square powers in the expression 


for p, their values should be determined as accurately as 


possible. 
$ Oral Questions and their Answers 


1to3. Same as at the end of Expt. 40. 
4. Why is the sound of a tuning fork intensified cis its stem is pressed 


-against the board ? 
The board makes a forced vibration, as a result, the large volume of air 


-in the box is set into vibration and the sound is intensified. 
5. If the load is increased, then will the resonant length increase or 


«decrease ? 
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Increase ; for as M increases, | must increase to keep л constant. 

6. How does the diameter and density of the wire affect i 
frequency ? NON 

If the change in the diameter and density of the wire causes an increase 
én the mass per unit length of the vibrating string, then the frequency will 
decrease and the ressonant length (1) of the string will have to be made 
shorter so that it may be in unison with the given fork. 

7. After obtaining unison between the fork and the string, if you double 
ог halve the length of the string alone, will you still get resonance ? 

The fork emits в pure sound, i.e. tone while the string emits a note 
the frequencies of whose overtones are simple multiples of that of the funda- 
mental tone. When the length of the string is doubled, the frequency of 
its first overtone becomes equal to that of the fork and hence сек 
will be obtained between them but the sharpness of this resonance is very 
small and usually escapes unnoticed. When the length of the string is 
halved, the frequency of its fundamental tone will be double that of the 
fork and at this time resonance cannot be expected for the fork emits 


а tone. 
8. By what 


octavo higher than at present ? 
By making the length of the string half, or by increasing the tension 


process can you make the string emit & sound which is an 


4 times than at present ? 
9. How do you understand that the fork is in resonance with the 


fundamental tone of the string ? 
The sharpness of resonance will be very great and the paper rider on the 


1 be violently thrown away. Again the string will vibrate in one 


string will 
sounds emitted by the fork and the string, as heard 


segment only and the 
by the ear, will appear to be of the same pitch ? 

10. Would you prefer à thick or thin wire for your, experiment ? 
If the wire be thick, rigidity of the wire, in addition 


Thin wire. 
to its tension, will play ап important part in the controlling factor 
and in that case the formula employed in calculating % or p will not be 
accurate. 


43. To draw (n-l) curve for а sonometer wire under 
constant tension and hence to find the frequency of an 
unknown fork from graph. 

Apparatus : [For description of а sonometer, see Expt. 41.] 

Theory: The frequency (n) of transverse vibration of 
‘a stretched string is inversely proportional to its length (1), when 
the tension Z and mass per unit length (m) of the string are 


constants. 
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or, 1 * 1/l, when T and m are constants. 
or, n х l= constant, when Т and m are constants. 


If a curve is drawn with various values of J plotted along: 
the y-axis while the corresponding values of n along the x-axis, 
then the curve would be a rectangular hyperbola. From this 
eurve the unknown frequency л for a given resonant length u 
can be found out. 

Procedure: (i) A set of tuning forks (usually eight) are 
taken the frequency of one of which is unknown while those of 
the rest are known. They are kept arranged on the table in the 
descending order of their frequencies keeping the unknown 
fork at the last place. The wire is loaded by such a load that 
an appreciable resonant length is obtained for the highest 
frequency fork. This load on the hanger is kept fixed through- 
out the experiment. 

(ij The fork of highest frequency is struck on a rubber 
pad and its stem is pressed against the sonometer board, 
when а sound is produced. Another sound is produced by 
plucking the portion of the string between the two movable 
bridges. Unison between these two sounds is now brought about 
by moving slowly one of the movable bridges (which was placed 
very close to the other movable bridge), so that the length 
of the string between the two bridges may increase gradually 
from a low value. When unison occurs, a small paper rider 
placed on the string will be violently thrown down, when the 
stem of the vibrating fork is pressed against the sonometer 
board and also the beats between the two sounds will be found 
to disappear. [An approsimate state of resonance between 
the fork and the string can be obtained by a preliminary 
adjustment as was described in procedure (iii) of Expt. 41.] 
The distance between the two movable bridges is measured by a 
scale and this observation is repeated thrice, The mean of these 
three observations gives the length of ‘the string which is in 
resonance with the fork taken. : 

(iii) The operation (ii) is repeated for the remaining forks 
in the descending order of their frequencies and lastly the 


operation (22) is repeated for the unknown fork. 
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(iv) A graph is now drawn with the resonant length (7) of 
the wire along the y-axis while the corresponding frequency of 
the known forks along the a-axis. А smooth curve is drawn 
through the majority of points. From this curve, the frequency 
п! of the unknown fork corresponding to its resonant length }/ 


is determined. 


Experimental data : 


(A) Frequency-resonant length data :— 


Fixed load on the hanger = on , fbr 
ъъ M E 


No.of | Frequency | Resonant length | Mean 1 SEM RAG 
Obs. of the fork (1) in em. in сш. FIORI 
1. 512 aoe 
et 480 oe 59 
L D 
Ч eae vibrations 
3. 496:6 en E per soo. 
= й 
etc. etc. etc. etc. 
Те 256 
]—t 1 
8. Unknown 


13 
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(B) Drawing of (n — 1) curve :— 

То draw (n —1) curve, the frequencies (л) of the known forks 
are plotted along the z-axis, while their corresponding resonant 
lengths (7) are plotted along the y-axis. Round numbers, which 
are smaller than the minimum data for » and J, are selected as 
their respective origins. The representations along the two axes 
are made іп such a way that the data obtained by experiment 
cover the whole of the graph paper supplied. (For procedure of 
drawing graph, see Article 5). The curve obtained by joining 
the points would be a rectangular hyperbola, the nature of which 

· is shown in Fig. 1. From this graph the unknown frequency 
corresponding to its resonant length (obtained by experiment) is 
found out. 

[The frequency of an unknown fork can be best determined 
from the straight line obtained by plotting n along the a-axis 
and 1/7 along the y-axis, than from a smooth curve obtained by 
plotting т along the x-axis and 1 along the y-axis. ] 

Precautions: [Same as in Experiment 41.] 

ГА 

Oral Questions and their Answers 


[Same ав those of Experiments 41 and 42] , 


44. Determination of the freguency of à tuning 
fork by Melde's apparatus. 


(a) Transverse arrangement, 


Apparatus: Melde’s apparatus is shown in Fig. 46. It 


Fig. 46 


consists of a light silk string (АР), about a metre long. One 
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end- A of the string.is attached to one prong of а tuning fork 
T, which is screwed vertically on а wooden base B. The other 
end of the string passes over a pulley (P) and is attached to 
a scale pan (S), on which loads can be placed to stretch the 
string. The position and height of the pulley are adjustable, 
so that the string may remain horizontal. In one position of 
the fork (transverse arrangement) its prongs vibrate perpendi- 
cular to the length of the string, while in its another position 
(longitudinal arrangement) the prongs vibrate along the length 
of the string. 

Theory : When the prongs of the fork vibrate, transverse 
waves will proceed along the length of the string and they on 
reaching the distant end of the string will be reflected back. 
The superposition of the direct and reflected waves will form 
stationary waves, in which the extreme fixed ends (A and P) of 
the string will always be nodes and in between them there may 
be one or more number of antinodes depending on the load 

- placed on the scale pan S. 

When the length and the tension of the string are adjusted 
to make the frequency (N) of the fork egual to that of the 
fundamental or any ‘one of the higher tones of the string, a 
resonance will occur between the fork and the particular mode 
of vibration of the string. At this stage the amplitude of 
vibration of the string at the antinodes will be greatest. 

The velocity V of transverse waves along a string of linear 
density m (in gms. per cm.) and stretched by a tension T (in 


Ta 
gms.-wt.) is given by yan ed He Иа: ОУ) 
But the frequency (n) of vibration of the string is given by 
v/T, 
(ШЕШ МЫ Г "de ir Er T O) 


In transverse arrangement the frequeney N of the fork is 
equal to that of the string (л). Hence | 


RT epee ee 
m 2n — (3) 


AN m m А? 
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Knowing m and Т/А?, the frequency N of the fork can be 
calculated from (3). 

Procedure: (i) А silk string (about a metre long) is taken 
and its length (L) is measured thrice by a metre scale. The 
mass (w) of the string is determined very accurately by a 
balance by using a centigramme rider. The mass per unit 
length m(=w/ZL) is thus determined. The mass (Q) of the 
scalo pan S is also found out. The silk string and the 
Scale pan are now set up in the apparatus as shown in 
Fig. 46, 

(ii) А certain load (M) [say, 10 gms.] is placed on the scale 
pan and the fork is made to vibrate either electrically or by 
drawing a resined bow аб right angles to one prong of the fork 
or by giving a light blow to one prong of the fork by a rubber- 
padded hammer. At this time ill-defined nodes and antinodes 
will be seen. The length of the thread is now adjusted until 
the nodes and the antinodes are clearly depicted. At this time 
resonance occurs between the fork and the particular mode of, 
vibration of the string. 

(iti) Two pins (P4 and Р») of adjustable heights are placed 
below the two extreme well-defined nédes (but not below the 
nodes at the two ends of the string) and the distance d between 
them is measured by a scale. The number of loops (X) between 
the pins are also counted. This operation is performed thrice by 
independently adjusting the length of the thread and the posi- 
tions of the pointer. The mean of the three value of d when 
divided by k gives half the wavelength А. Thus \=2d/k is 
obtained for this particular load. 


(iv) The operations (ii) and (iii) are repeated for two 
other increasing loads (by which the number of loops will 
decrease). 

(v) The tension T (in gms.-wt.) of the string is given by 
(M+ ©) gms.-wt. 

Experimental data : 

(A) Determination of linear density (m) of the string and 
the mass (Q) of the scale pan :— 
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TABLE I 
a ——_____ 
| 
Mass per 
Length of Mean Massof | unitlength Mass of the 
the thread L the thread | of the thread | Scale pan in 
in em. (L) in cm. | in gms. (w)| =m=w/L gms. (Q) 
| gms./cm. 
Quer ose ae | СЕЕ Е 
=D =..=ш | =..=0 


DM ко тте _———=== 
(B) To find the wave length (A) in the string :— 


TABLE П 


SS SSeS ETE 


Load on Distance Tes . 

No. | the pan Deive Mann RO of Ey Vence 

of in gms. the pins |; etween the | |. 9d oms. 
о 4 

d. 

| 

2. oes a 
197 р E ane 
eee 


(C) То find the frequency (N) of the fork :— 


TABLE III 
— 
| Tension | 
| of the string Wavelength Froquensy 
=T=(M+Q) in em. Value cf Mean | of fork=N 
Obs. gms.-wt. | (А) түл TIN (2 T y 
| [from tables I (from table 1] = бет 
and II] 
1. 
al Mu: 
3. | ass | C E. Vibrations 
per sec. 
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Calculation : 


N= We ге = EE = te vibration per sec. 


[The value of m from Table I and the mean value of Т/А° 
from Table III are to be put in the forwula to calculate N.] 

Precautions: (i) The vertical portion of the string, i.e., 
the portion of the string between the pulley апа the scale 
pan, should be as small as possible. Otherwise the mass of 
this portion of the string should be added to (M +Q) to get 
the tension in gms.-wt. 

(ii) The experiment should be begun with a small load 
(M) on the pan, so that the number of loops may besix. Then 
the load should be increased in order to decrease the number 
of loops to 4 and 2 respectively. If Т be the load for one 
loop then the load Ту for À loops is given by T; = T/k?, when 
the length of the String is constant. The number of loops (X) 
can also be increased by increasing the length of the string 
when the tension is constant. Ifl be length required for one 
loop, the length required for & loops would be 1; = kl, when 
the tension is kept constant, 

(iii) As the nodes at the two ends (A and P) of the string 
are not distinct, the pointers should be placed below the nodes 
which aro next to the nodes at A and P. A 

(iv) The string should be of as uniform a linear density as 
possible. For this purpose a fishing line is very suitable. 


(b) Longitudinal arrangement. 


Apparatus: [Same as in the Transvorse arrangement ] 


Theory: [Write the theory of transverse arrangement up 
to equation (2) and then add the following paragraph. | 

In longitudinal arrangement the frequency N of the fork is 
double the frequency (n) of the string. Hence, 


= Бу [тд V2.2. T 39 
Ме m 2 m 2* (3) 


From the knowledge of m and 7/2“, the frequency N of the fork 
can be calculated from the equation (3). 
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Procedure: [Same as in Tranverse arrangement.] 
Experimental data : [Same as in Transverse arrangement.] 


Calculations : 
gm 
E SE: is = -« vibration per sec. 


[The value of m from Table I and thé mean value of TJA? 
from Table III are to be put in the formula to calculate N.] 
Precautions: [Same as in Transverse arrangement. ] 


Oral Questions and their Answers 


1. How does the transverse arrangement differ from longitudinal 


arrangement ? 

When the same fork is emplo; 
stretched by ‘the same tension 
longitudinal arrangement will be 


yed for resonance in the same string 
the frequency of the string in the 
half of that in the transverse 


arrang sment. 

9. If the number of loops in the t 
in what way their tensions will vary ? 

Th» tension in the longitudinal arrang' 
in the transverse arrangement. 

8. If the tension in the two arrange ments are kept same, in what way 


the number of loops in them will alter ? 
The number of loops in longitudinal arrangement will be half of those in 


the transverse arrangement. 
4. Why the length of the string between the pulley and the scale pan is 
kept short ? 
Otherwise the apprecia 
the tension of the string. 
5. How do you know that resonance 
the string ? 
When th! 
that the desired resonance has occurre 
6. What are stationary waves, 
item (xiv)] 


7. Does the note emitte! 
nes 7—Нагшопіс overtones, the frequencies of the 


overtones are both odd and even multiples of that of the fundamental tone. 
8. Can you perform your experiment with a thick wire ? 

ty of the wire, in addition to its tension, will 

the simple formula employed will not hold good. 


Ды лур 


wo arrangements are to Ье kept same, 


ement will be one-fourth of that, 


ble mass of this portion of the string will increase 


has occurred between the fork and 


e amplitude of vibration at the antinodes is greatest we conclude 
d.. 
nodes, and antinodes. [see Art 37 


d by the string contain harmonie or in- 


harmonic’ overto 


In that case the rigidi 
have controlling force and 


CHAPTER V 


MAGNETISM 


45. Magnetonteters. 
(a) Deflection Magnetometer. 


It consists of a long wooden board of rectangular cross- 
section, at the middle of which a circular magnetometer 
box with a glass top is fixed [Fig. 47]. The box contains & 


WI 


9) 


circular scale graduated separately in four quadrants from 
0°-90°, so that the (0° — 0°) line is usually parallel to the axial 
line of the board. At the centre of this circular scale a short 
magnetic needle (ms) is pivoted. At right angles to this needle 
a long aluminium pointer is fixed, so that the ends of the pointer 
may move over the circular scale, 


A circular strip of mirror js usually placed below the 
pointer, so that the readings of the pointer may be taken by 
avoiding parallax. Two metre-scales are fixed on the board on 
the two sides of the magnetic needle, so that the zeros of 
these two scales coincide with the centre of the needle. The 
magnet (NS) can be placed along or perpendicular to the 
length of the board. When the length of the wooden 
board is perpendicular to the magnetic meridian, the magnet 
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should be placed with its length along the board and this 
position of the magnet is called the ‘Tangent A-position of 
Gauss’. At this time the pointer usually reads (0°—0°) of the 
circular scale. If the rectangular board is placed along the 
magnetic meridian, the magnet should be placed with its 
length perpendicular to the board and this position of the 
magnet is called the ‘Tangent B-position of Gauss’. This time 
the pointer usually reads (90° — 90°) of the circular scale. The 
arrang. ment is shown in Fig. 47. 


(b) The vibration magnetometer. 

Fig. 48 shows one of the different forms of vibration mag- 
netometer employed in the laboratory. It consists of a hollow 
rectangular box B, of which 
the two longitudinal sides 
are made of glass. A cylin- 
drical glass tube G having 
a torsion head T at the top 
is fixed to the middle of the 
top surface of the box. An 
unspun silk fibre is suspend- 
ed from the torsion head 
and а cradle is attached to 
the lower end of this fibre. 
The cradle hangs at the 
middle of the box and ata 
small distance above the in- 
side surface of the base. A 
magnet NS can be made to 
oscillate on & horizontal 
plane by placing it on the , 
cradle in such а way that (i) Fig. 48 
the uppér face of magnet is horizontal, that (iz) the axis of its 
rotation, which coincides with the vertical suspension fibre, 
may pass through the с.8. of the magnet and (iii) that there 
um oscillation of the suspension fibre. A 
having a longitudinal line MM 


is no pendul 
rectagular strip of mirror R, 
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marked on it, is fixed on the inside surface of the base of 
the box with the length of the mirror parallel to the length of 
the boxs. This line on the mirror helps us to find the time 
of transit of the magnet accurately in course of its oscilla- 
tions. This line and also the oscillation of the magnet 
can be seen from above the box by looking vertically downwards 


through two rectangular slots S, and S, onthe top surface of 
the box. 


46. Determination of the earth's horizontal inten- 
sity and the magnetic moment of a magnet by employ- 
ing magnetometers. 


Theory: In Fig. 49 the magnetic needle (ns) is in equili- 
brium under the action of two equal and opposite couples. One 
couple (mH, mH) is due to earth’s horizontal field H running 
Along the magnetic meridian, while the other couple (mF, mF) is 


Fig. 49 


due to the field F of a magnet (NS) of moment M whose axis is 
kept at right angles to the magnetic meridian, If 0 be the 
angle of deflection of the needle from the magnetic meridian, 
it can be shown that, 


M (a? ES TE LJ 
Z= 6. Mod on boc 
F m tan (1) 
Here d=distance between the centres of the magnet and 
the needle 


and 1 = һа1 the magnetic length of the magnet, 
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ES es actual length of the magnet х '85 _ l х ‘85 
Ў E mee ы (2) 
If the magnet (NS) be allowed to oscillate with а small 
amplitude on & horizontal plane under the action of earth's 
horizontal intensity (Н) only, the period of oscillation is 
given by, Б 


I 
T-9 — 
"мМ ME 
4п°І 
or, MH= T` i- “ 2) 


As the magnet oscillates about a vertical axis passing 
` Е x \ 
through its centre of gravity, the moment of inertia (Z) of the 


given magnet of rectangular cross-section is given by 
, 
т= Ма? { (length)? + (breadth)? У VU? 4)? |. ze (4) 


Finding М/Н from (1) and (9) and MH from (3)and (4) we 
can calculate Mor H from (1) and (3) by multiplication or 
division respectively. 

Procedure: (i) The mass (ти) of the given magnet is 
determined by a balance, while its length (1) and breadth (b') 
are determined by a slide callipers when the length l’ of the 
magnet is less than f cm., or by а scale when /' is greater than 
oment of inertia Г of the magnet is then calculated 


6 сш. Them 
while half of its magnetic length (1) is 


from the relation (4), 


determined by using the relation (2). 
(ii) АП magnets and magnetic substances are removed 


from the working table and the magnetometer is placed on the 
table with its two arms perpendicular to the magnetic meridian, 
ie. perpendicular to the magnetic needle (ns). At this time 
the pointer usually reads (0°— 0°) of the circular scale. But this 
perpendicular position of the arm is to be further tested by 
placing the magnet along the arm at a certain distance and 
observing the deflections of the needle when the N-pole and 
S-pole of the magnet alternately points the needle. Equal deflec- 
tions of the needle will indicate the correct position of arms. 
(iii) The magnet (NS) is now placed on the arm of the 
magnetometer at the east side of the needle, so that the length 
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of the magnet is parallel to the arm. The position of the 
magnet on the arm is adjusted until the pointer reads about 45° 
on the circular scale. Тһе readings di and ds, corresponding 
to the two ends of the magnet, are noted from the metre-scale 
fixed on the arm. The distance of the needle from the centre 
of the magnet is then given by d — (d, + d4)/9. 


(iv) Keeping this distance d of the needle from the centre 
of the magnet (NS) constant, the readings of the two ends of 
the pointer are noted from the circular scale when, (a) the 
two flat surfaces of the magnet are alternately touching the 
arm and (b) the N-pole and S-pole of the magnet are alternately 
pointing towards the needle. For each position of the magnet 
we are getting two readings corresponding to the two ends of 
the pointer and hence for the four Positions of the magnet, as 


are indicated in (а) and (b, we shall get altogether eight 
readings. 


(v) The magnet (NS) is then transferred to the other arm 
of the magnetometer at the west side of the magnetic needle 
so that the distance of the needle from the centre of the magnet 
is again ‘d’. The operation (iv) is then repsated when we get 
another set of eight readings. The mean of these 16 readings 
gives 0 from which M/H is calculated by using the relation (1). 


(vi) The magnet is now placed at two other distances from 
the needle until the deflections of the pointer on the circular 
scale are about 48° and 47° respectively. By taking the two scale 
readings corresponding to the two ends of the magnet, we got 
the new distance of the needle from the centre of the magnet. 
Then the entire operations of (iv) and (v) are repeated and M/H 
is calculated. The mean of these three values of M/H is 
found out. 


(vii The magnet is then suspended horizontally in the 
vibration magnetometer box and the Бох, is rotated until the 
axial line of the magnet is parallel to the horizontal line marked 
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on the plane mirror fixed to the base of the box. The magnet 
in then deflected by а very small angle with the help of an 
auxiliary magnet and the time taken for 30 complete 
oscillations is noted thrice. When the mean time for these three 
observations is divided by 30, we get the period T. These values 
of I and T, when put in the equation (3), we get MH. Knowing 
mean М/Н and MH we can calculate M or H. 


Experimental data : 

(A) Moment of inertia (1) of the magnet :— 

[When the length U of the magnet is less than 6 cm., 
write the details of finding the vernier constant of slide 
callipers (as is given in Expt. 10) which is to be used to find 


V and b'). 


e 


TABLE I 
ECRIRE 
o BO 45 1 
оч o пс 
Mass of Length of | Breadth of EP E + 35 5х 2 
the magnet | the magnet the magnet 25 Я 2% = BU 
(m) in. om. (1) | in ёш. (0) Biswa|liisT 
CAE TEAM a> 
к Ер 
jean) Kms 
..gm-- .. 6m. (a) (4)... 
тушрш ОЕР» (4i)... TE 
=.. EID. (ё) .. (isi)... Sel} (ra 
Mean l Mean b’ gm.—cm.2 
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(B) To find MIH :— 


TABLE II 
————rE—————————————————— 
er ET ae Deflection of the needle in 
BI eS | | degrees, when the magnet is 
9) gaaj hi 
а | Ss | & OntheEastarm | On the West-arm gaat s x 
Ё 9.2. g | of magnetometer | of magnetometer | 2 = oa 
a = | 2 = 
Su Su | 3 , N-pole | S-pole | N-pole | S-pole | 38 E я 
`5 | Ж 057, a pointing |pointing| pointingpointing| S &| 8 Ei 
152215 the the the te |а| ¢ | $ 
i = 3 f 
А | gS | ш | needle | needle | needle | needle © 
$= | & End|EndEnd|Ena|EndEnd-End]End = 
Mu Heo Ws [Лал SET. IINIT! 
| 1 | 
Бр) | 
3C |(a)| 45 | 46 
ТАЛА ДА АВИ] 
= (b) | 45 | 45 | 
PHA д | 
H | (a) 48 | | 
2 EP} | - 
- (6) | ve |.|... | 
p 
ale- (а) 47 cn | 
3 do) | | | | 
| 
d (b) | « | | 
| 


М.В. [Obs. (а) are for one flat surface of the magnet 
touching the arm. Obs. (b)areíor another flat surface of the 
magnet touching the arm.] 


(C) Determination of MH :— 
TABLE III 


| | | Period | zn 
No. of Times for 30 Mean enod M. Iof th 
obs. | oscillations time СЫ magnet D e 


(t) 
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Calculation : 
G) M_(d?—1*)* tan 0 _ 


НҮ 2d n 
ü) = = = s 
qu) #= i = = 
(iv) инр = = - 
n= uz /A- E =... Oersted. 
м=4/ мих z- ... dyne-cm. per Oersted. 


Precautions: (i) Before starting the experiment, all 
magnets and irons should be removed at a great distance from 
the working table. 2 

(ii) The error in the measurement of М/Н would be mini- 
mum when d is large and 0 is 45°, [See p. 5, item (c)]. Hence the 
deflection should be kept near about 45° and the value of d 
should be large in comparison with the length of the magnet. 

(iii) То bring the two arms of the magnetometer perpendi- 
cular to the magnetic meridian (i.e. to bring the axis of the 
magnet perpendicular to the magnetic meridian) the position of 
the arm is to be adjusted until equal deflections of the needle are 
obtained with N-pole and S-pole alternately pointing the needle. 

(iv) The magnetic needle should be made free, so that a 
small shift of the magnet may change the deflection of the 
needle. To minimise the effect of friction the magnetometer 
x should be tapped a little before taking the reading. 

(v) During the oscillation of the magnet the amplitude of 
its oscillation should be made small (not exceeding 10°) and the 
oscillation of the suspension fibre should be avoided, i.e. there 
should not be any pendulum oscillation of the magnet. 

(vi) The magnet should be so placed on the cradle that its 
upper face is horizontal and the vertical axis of oscillation passes 
through its centre of gravity. The suspension fibre must be 
made twist-free. 


bo 
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(vii) For calculations of moment of inertia, the length and 
breadth of that face of the magnet should be measured which 
was horizontal during oscillation. 


Oral Questions and their Answers 


1. Define (a) polestrength, (D) magnetic moment of a magnet, and 
(c) magnetic intensity, 

(а) Pole strength of the magnet pole is the forc» exerted on the 
pole when it is placed in a uniform magnetic field of unit intensity. 
(b) Magnetic moment of a magnet is the moment of the mechanical 
couple required to keep it at right angles to а uniform magnetic field 
of unit intensity or it is measured by the product of any one of the 
two pole strengths of the magnet and its magnetic length. (c) Mag- 
netic intensity at a point is the force exerted on unit N-pole placed at 
that point. 

2. What is the magnetic length and how is it related to the actual 
length 7 

The distance between the two poles of a magnet is called the magnetic 
length and it is approximately 85 times the actual length. 

3. What are magnetic elements? Are they constant at all 
places ? 

Dip, declination and horizontal intensity are called magnetic elements, 
for the knowledge of these three quantities giver complete picture of the 
earth’s magnetic field. The values of the magnetic elaments are different at 
different places. 

4. How does the earth’s magnetic field run ? What is the horizontal 
intensity ? 

Earth's magnetic field is running from south to north along а 
vertical plane called the magnetic meridian which is inclined with 
the geographical meridian by а certain angle known as Declination. 
Again the total field (I) is running along the magnetic meridian by 
making а certain angle 0 with the horizontal and this angle 0 is 
called the Inclination or Dip at the place. The eomponont (Icosó) 
of earth's total field (I) along the horizontal is called the Horizontal 
intensity (H). 

5. What are Tangent A and B positions of Gauss ? 

When the арс axis of the deflecting magnet ів kept at right angles 
to the magnetic meridian. There are two distinct positions of the deflected 
magnetic needle. In A-positions the magnetic needle is placed on the axial 
line while in B-position, the magnetic needle is placed on the equatorial 
line of the deflecting magnet. 
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6. Can you perform your expsriment by placing the axis, of the 
deflecting magnet along the magnetic meridian ? 

No: in that case the earth's field and the magaet's field become 
parallel and there їз no deflecting couple on the magnetic needle, 

7. Why do you keop one of tho dflections of the needle at 45° 7 

In that case, the error in tho measurement of M/H would be minim um 
[see p. 5, in item (с)] 

8. Why do you record the deflections of th» nsedle when (a) the 
N-pole and the S-pole of the deflecting magnet are alternately pointed 
towards the needle ; (b) a particular face of the magnet is kept alternately 
; (c) the deflecting magnet is kept alternately at equal 


up and down; 
distances on the two arms of the magnetometer, situated on the opposite 


sides of the needle ? 

(a) To eliminate the error, resulting from the axis of the magnet 
not being perpendicular to the magnetic meridian as well as to 
eliminate the effect of' non-uniform distribution of magnetism at 
the two ends of the magnet ; (b) tocorrect the error arising out of 
the non-coincidence of magnetic and geometric axis of the magnet; 
(c) to eliminate the error which may come, if the zeros of the two scales, 
fixed on the two arms of the magnetometer, do not coincids with the centre 


of the needle. 
9. Why do you note the readings at tha two ends of the 


pointer ? 
To eliminate the eccentric error, é.e. the error, arising out of the 
non-coincidence of the, centre of the needle with that of the circular 


scale. 
10. Define Period and Amplitude of vibration [see items (iii) and 


(v) of Art. 87]. 

ii. Define moment of inertia and radius of gyration [see oral question 
no. 1 of Expt. 20]. 

12. Can you find the pole strength of the deflecting magnet by this 
experiment ? 

Yes; by finding the magnetic moment M by this experiment the value 
of pole strength m can be obtained by dividing M with the magnetic length 
(21) of the magnet. 

13. Will the values of M/H and MH obtained by you, remain the 
samo when you perform your experiment at another part of the world ? 

No; the variation of H, at different places on the earth’s SUM will 
cause a variation of the values of M/H and MH. 


14 
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47. Verification of the law of inverse square in 
magnetism by using deflection magnetometer. 


Apparatus: Apparatus required for this purpose is а 
deflection magnetometer as shown in Fig. 47. 


Theory: If the intensity of field due to a magnet pole is 
assumed to vary inversely as the nth power of the distance, 
then it can be shown that the intensity of the field at a distance 
d from the centre (О) of a short magnet (NS) of magnetie 
momet M would be [Figs. 50 and 51], 


ЕА = Mm [along the axial line of the magnet] * (1) 


d" 


Fz =. [along the equatorial line of the magnet] = (2) 


does 


Ts n see ase ... - (3) 


If a short magnetic needle (ms), placed аб а distance d from 
the centre О of a magnet NS, be in equilibrium under the joint 
action of earth's horizontal field Н and the field due to the 
short magnet NS of moment M, whose axis is perpendicular te 


Fig. 51 


the magnetic meridian (along which earth’s field H is running) 
then by equating the two couples acting on (ns) we may write, 
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from Fig. 50 where the needle (ns) is on the equatorial line of' · 
the magnet NS, А 


тЕв (пр) »mH(sp) ; or, Fs =H UH tan OB - оз @) 
and from Fig. 51, where the needle (ns) is on the axial line-of, 
the magnet NS, . i 


mE (np) mH(sp) s or, Far Н =H tan 64 see (5) 


Taking the ratio of (5) and (4) we get, 


Fa tan бА dog pb OO 
Ев tan бв . (a 


tan бА 4 
From (3) and (6) we get, се =т gs) see (т 


Jf by: experiment; ` the value of n ig found to Ъз 9, then the law 


of inverse square would be verified. 


Procedure : 

Tan A-position :—(i Removing all magnets and impe 
-substances from the working table, the two arms of the magneto- 
meter are brought perpendicular to the magnetic meridian i.e. 
perpendicular to the needle (ns). At this time the pointer usually '' 
reads (0° — 0°) of the circular scale. í 


(ii) Tho magnet NS is now placed on óne arm of the mag- 
netometer, so that the length of the magnet: is parallel to the» 
arm (see Fig. 47). The position of the magnet оп the arm is 
now’ adjusted until we get 8 certain deflection of the pointer: 

(ау about 45°). The reading (4) corresponding to the centre О of + 


the magnet (NS) is noted from the scale attached to the arm. 7 


(iii) Keeping this distance d of the needle from the centre 
cof the magnet (NS) constant; the deflections of'the two ends 
of the pointer are noted for one position of the magnet NS onsi’ 


212 PRACTICAL PHYSICS 


the arm and then for its another position obtained by rotating. 
it by 180°, so that the positions of N-pole and S-pole of 
the magnet are interchanged. For each position of the 
magnet, the deflections of the two ends of the pointer are 
noted, when the two flat surfaces of the magnet NS are made 
to touch the arm of the magnetometer alternately. From 
these observations we get altogether eight angles of deflactions. 
of the pointer. 


(iv) The magnet NS is then transferred to the other arm of 
the magnetometer, so that the distance of the needle from the 
centre of the magnet (NS) is again d. The operation (iii) is 
then repeated when we get another eight angles of deflection 
of the pointer. The mean of these 16 deflections of the pointer 
gives бА. 


(v) The distance of the needle from the centre of the magnet. 
NS із now successively increased to d’ and à" until the deflec- 
tions of the pointer decreases by about 2° (say of the order of 
43° and 41° respectively). For each distance of the magnet NS, 
the operations (iii) and (iv) are repeated and in each case tho 
mean deflections Өд’ and Өд" are obtained. 


Tan B-position:—(i) The two arms of the magnetometer 
are now brought along the magnetic meridian i.e. parallel to the 
needle (лз). At this time the pointer usually vends (90° — 90°) 
of the circular scale. 


(ti) The magnet NS is now placed on one arm of the 
magnetometer, so that the length of the magnet is perpendicular 
to the arm. The position of the magnet NS on the arm is adjusted 
until the reading of the metre scale on the arm corresponding 
to the centre of the magnet is again d as in the operation (i) of 
Tan A-position. 


(iii) to (v) The operations (iii) to (v) in Tan A-position are 
to be repeated for the same three positions, viz. d, d! and à" of 
the magnet and in each case the mean of the 16 deflections Op, 


TABLE I 


Experimental data : 
(A) Distance—deflection records :— 


ns in degrees of the needle ri 


Detlectio 1 
when the magnet 15, 


On another arm 
of magnetometer 


On one arm ot 
magnetometer 


direc- 
tion 
the opp. 


End II |direction 
tbe opp. 


End II direction 


| 


needle in cm. 
N-pole 
in one 
N-pole in 


Ratio of the tangents 
of two deflections for 
two positions of magnet 


Distance between the 


centres of magnet and 
Mean deflection in degree 


Position of the magnet 
No. of observations 
End I |N-pole in 


End I 
End II |direction 


End I 
> 
End II 


Su Su 
1 
> 
> 


Tan А position 


a | Б ЛЕР: tan 0”A 
(a) NE 


Tan B.position 
N 


N. B. [Obs (в) ате for one flat surface of magnet touching the arm, 
TA, (5) ә» another — » » 3 


MAGNETISM 213 
Өв’ and өв" (which will not be of the same order as in ‘Tan 
č A-position) are to be found out. 
5 tan бд tan Өд’ jan 0a" Lg 
(vi) We shall find that, с P ШЫ тст Tubs 
This verifies the inverse square law in magnetism. 
|! 
| 
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Conclusion : As the ratio ої: the fangents of the two 
deflections of the needle obtained for. Tan A-position and tan 
B-position becomes equal to 2 in each of the three different 
cases, we conclude that the inverse square law is true. 

Precautions: (i) and (ii)—[Same as the precautions- 
(i) and (iii) of Expt. 46]. 


Oral Questions and their Answers 
[ Same as the questions and answers given at tho end of Expt. 46 ]. 


48. Determination of dip at a place by using dip 
circle. 


Construction of Dip circle: It consists of a long magnetic í 


needle NS capable of rotation about a horizontal axis which 
passes, (approximately) through the centre of gravity and at 
right angles to the length of the needle [Fig. 59]. The two 
ends of the axis rest on two 
agate knife-edges so that the. 
needle may rotate with as 
little friction as possible, A 
yertical circular scale is fixed 
by the sideof the needle and 


quadrants from 0° to 90° so 
that(0° — 0°) lineis horizontal 
while (90* — 90*) line is verti- 
cal. By this scale the posi- 
tions of the two ends of the 
needle can be recorded. The 
whole structure, in which 
the needle NS and the verti- 
cal scale are fixed can be. 
rotated about a vertical axis. 
and this angle of rotation can. 
be recorded by а vernier- 


which moves with the struc-. 
ture on а horizontal scale marked on the base A and graduated 


from 0? to 360°. There are three levelling screws underneath 


this scale is graduated in four- 
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the base by which the base ofthe instrument can be:levelled: 
with the help of a spirit level fixed at the top of the base. ' 
Theory: The inclination or dip a6 a place will be-the ‘angle: 
which the magnetic axis of the needle, capable of rotating: 
freely about its centre of gravity in the vertical plane of 
magnotic meridian, makes with the horizontal. е j 
To set the vertical plane of rotation of the needle in the 
magnetic meridian :—(é) The base is made horizontal by the: 
three levelling screws at the base and the spirit level. Е 
(ij) The structure is rotated until the upper end of the 
needle just reads 90° (this time lower end of the needle may’ 
not read 90°). Тһе reading of the base scale is noted. Й 
(iii) The structure is again rotated a little to make the 
just read 90°. The reading of the base: 


lower end of the needle 


scale is again noted. 
(iv) The needle is now reversed in its bearings and again: 


the operation (iż) and (iii) are repeated. Thus we get four read- 
ings of the base scale. Let the mean of these four readings be 0. 
(v) The structure 4.6. the vertical frame containing the 
needle is now rotated by 180° and the operations (ii) to. (iv) ате. 
repeated, when we get another four readings of the base scale. Lets 
the mean of these four readings be 6’. [This 0' will differ from, 
0 by about 180° for the base scale is graduated from 0° to 360°%.. 
(vj Now the mean of @ and 0’ is taken ie. 4^ =(0+ 0')/2 
їв found out. The vertical frame is now rotated so that the zero 
of the vernier of the base scale may coincide with the reading d^ 
ef the base scale. This time, the yertical plane of rotation of 
the needle will coincide with magnetic meridian. 


Measurement of dip :—(i) One face of the needle (NS) 


lig anyhow marked, after completing the former adjustment of 


‘getting the vertica 
magnetic meridian. 
and the readings «1 
needle ате noted from the vertical scale by the side Mine en 
) The needle р 
and 44 corre 


1 plane of rotation of the needle, in thé 
The marked face is di 5 | 

ө marked face is directed towards east: 

and 42 corresponding to the two ends of the 


(té 18 zeyetsed in its bearings and again read- 
sponding to the two ends of the needle are 


ings 4s 
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noted from the vertical scale. Thus we altogether get four read- 
ings and the mean of these four readings say < is found out. 

(iii) The structure is now rotated by 180° and the opera- 
‘tions (i) and (2) are repeated, when we get another four read- 
ings B1, Ва, Bs and By. The mean of these four readings are 
побед. Тә this mean reading be f. Then the mean of x and В 
бе found out. Thus we get %1=(«+f)/2. If the centre of 
gravity of the needle is not displaced along the axial line of the 
needle, then Y^, would be the dip at the given place. 

(iv) To correct for any error arising out of the displace- 
ment of c.g. along the axial line of the needle, the needle 
should be demagnetised and again magnetised with the polari- 
ties reversed. The entire operations from (i) to (iii) are to 
be repeated to get another set of eight readings and let the 
mean of which be y. The correct value of dip at the given 


place would be, у=” їз, 


Experimental data : 


(A) То bring the vertical plane of rotation of needle in the 
“nagne tic meridian :— 


TABLE I 
Readings in degrees of the base 
scale when the bearing of ede 
the needle is, Ag eed Grand 
Hi Е an ingsin | Mean at 
Position of the| in one position reversed m which the 
2 egrees 
instrument foreach | lower 
Upper | Lower | Upper | Lower position of|Vernier is 
pole pole pole pole instru- | “0 be set 
pointing|pointing|pointing pointing ment 
90° 90° 90° 90° 
] (а) When the Ed RT 
f instrument is| "92 | 702 | «08 | 04 | ...=0 He. 
Jin one position ф= е 
{ (b) When the, 9, tiene , 9, Јл n 
disgisumene % 1 On) |..= 05 |... 04’ | 20 =(...) 
j rotated by 
4 180° 
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TABLE II 
(B) Record of the angle of dip :— 


T E 
© наб CO Ed 
к | 558 9388 3 
5 | slow] д Bohu a Š п 
E: cr а отс) T 50 Б 
| 2 | Вее | 9 ROU! m 3 8 
td 39295 ‘8 d esas а © 
© SEE e g ganol £E S 2 
8 | Soge] 8 "EE CY G 
a | gosg] 8 = exes] 8 S E 
Sp T ^ 98:5 н S 
ER eus vi ыз E UB а а 
8 2 S аро з id "eb 
S 9| 2] а M ES] = © 
RS E se 
| S| 2) 2| ee EE TE eal as 
| ее езе еа е ЫЕ 
s &|8 9 Eas] els) 39 © 2. b 
S| Ёк $sz$|z$|E ЕЕС as 
2 — 
| 
| East et wee (x1 +33 EiS 
ad, |= | +s+ = 7,|=7,| uc. 
| «4)/4 TQ 
?,)/4 ro 
| West | ..| «| (9) а | edt) paths 
| (геу- | «s |=<4 =7з|=7,. А 
| ersed 
| in LU 
| bear- 
{ ing) 
| Instrument rotated Vas Instrument ro- ү 
Ьу 180° («B2 || tated by 180° |7219)! 
[Lm берау =, 
| East |... | -|(EitBs| ^ wee | ove | (51-39 
| =В, |=В» | +Вь+ =5:|=0:| +õs + 
[UE 5,)/4= 


| tee Esee (В) EEE 
| West |—B, |=В, =9,|=04 e 
(rev- } 
ersed 
їп 
bear- | 
Ling) 


(i) The levelling of the instrument should 
be made to make (1) the base horizontal, (2) the plane of rota- 
tion of the needle yertical and (3) to avoid any obstruction of 


Precautions : 


the needle during its rotation. 
(ii) All magnets and magnetic substances should be removed 


from the working table during experiment. 


(iii) Parallax ghould be avoided in taking the readings. 
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Oral Questions and their Answers 


1. Define dip at а place.—See theory. 
2. What ате magnetic elements? Are they constant at all places ? 
[ See the answer of Q. 3, Expt. 46 ). 

3. How does the earth’s magnetic field run? What is the (hits 
intensity ? [ See the answer of ©. 4, of Expt. 46 ]. 

4. What pole of the needle will dip in Northern and Southern 
hemisphere ? 

North pole and south pole of the needle respectively. 

5. Why do you'take the readings at the two ends of the needle and. 
reverse the needle in its bearings ? 

To avoid eccentric error, the readings of the two ends of the needle are 
noted. The needle is reversed in its bearings to correct the errors arising 
eut of the (i) displacement of the c.g. of the needle away {тош the axial 
lineand (i$) non-coincidence of the magnetic axis with the geometric axis 
of the needle. 

6. Why the readings are taken by rotating the instrument by 180°? 

To eliminate the error due to non-horizontality of (0—0) line of the 
vertical scale. 

7. Why is it necessary to demagnetise the needle and remagnetiso it 
with reversed polarity ? 

To eliminate the error, if any, due to the displacement of the c.g. of the 
needle away from its axis along the axial line. 

8. What are isoclinic and aclinic lines ? 

On the map of the world, lines are drawn by joining places having equal 
inclination and zero inclination. The former line is called isoclinic line 
while the latter line is called aclinic line. 

9. Are the magnetic elements constants at a given place ?—No ; they 
are subject to slow irregular variation. Sudden variation of the magnetic 
elements is known as magnetic storms. 

10. Ifan iron is suspended exactly from its c.g. before and after magne- 
tisation then, what will you observe ? 


The iron will remain horizontal before magnetisation but it will remain 
inelined to the horizontal after magnetisation. 


APPENDIX А 
*GLASS BLOWING 


1. Accessories for glass blowing. 


(i) Glass: Though hard glass, such as Pyrex, ів: 
- extensively employed for the,construction of laboratory appa- 
ratus, soft glass is very helpful for elementary purposes, since 
is has a lower working temperature than hard glass. For anneal- 
jng purposes hard glas is, however, advantageous over soft 
glass because of its low thermal expansion and high strength. 
Some physical properties of different types of glass are given 


below : 
ee SSS Ы 
Coefficient of 


Material Senes Annening Working linean erroni 

Soft glass 389°C 425°C 

Lime , | 92 

Lead „ эй. E өү 90 

Quartz 1020°С 1120°С 1756*C to- 58 
1800°C 

Pyrex 503°C. 550°C 750°C to 32 
1100°C 


__ ee SS eee 
(ii) Flame: Cross-fires (Fig. 3) are employed for- 
heating glass to softness over & considerable length. By this 
method of heating, glass is heated more rapidly and uniformly. 
Another method of heating is by the single blast burner. By 
we cannot get rapid and uniform heating as that 
Sometime we require a pointed flame 
sily obtained with a blast burner. For 
the laboratory with soft glass, fish-tail 


this method 
ebtained by cross-fires. 
whieh can be more е 
low temperature work in 
burner may be employed. 


dern Physical Laboratery Practice’ 


*For details, consult 'Mo 
—by John Strong. 
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(iii) Fuel for the burner: For ordinary laboratory work 
"with soft glass, coal gas mixed with compressed air (such as 
in blow pipe flame) is used. For high temperature work with 
hard glass, acetylene mixed with compressed air or oxygen may 
be employed as a fuel. 

(iv) Other accessories: The other articles which are 
offen required for glass blowing are, a working table covered 
with an asbestos sheet (the table should be high enough for 
the operator to rest his elbows on), some corks of various sizes 
(some of them are fitted with closed glass tubes which serve 
as handles for rotating the work, while others are fitted with 
open tubes for blowing), blowing arrangements (such as foot- 
blower or Swivel ‘L’ hose and mouth piece), forceps, sharp files 
of different sizes for cutting glass, etc. 

2. Operation in glass blowing. 

A person performing experiments in the laboratory, often 
‘feels the necessity of knowing the technique of glass blowing. 
"The fundamental operations, which are involved in glass blow- 
ing, are explained below. 


FILE MARK 


FILE MARK 


Fig. 1 


Fig. 2 


(a) Cutting the tubes: То cuta tube (not more than $ 
an ineh in diameter) a scratch mark of a few millimetre 
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long is made accurately perpendicular to the tube with the sharp 
edge of a file. A break is then made by a combined bending and 


pulling force as illustrated in Fig. 1. 


Ifthe tube is hot or if it is to be cut near one end, it can 
be broken at the scratch mark by a stroke with the file as shown 


in Fig. 2. 


(b) Cleaning: The next operation after cutting should be 
the cleaning of the tube. Sometimes washing with tap-water 
and then drying by blowing air in the tube will serve tho 
purpose. But in more accurate experiments, where the presence. 
ofa small amount of grease or impurity is harmful, first the 
bore of the tube should be cleaned by drawing a clean cotton pad 
in it several times by a wire loop, and then it should bs washed 


with dil. nitric acid, then with strong caustic soda solution. 


and finally ina stream of tap-water. The tube is then to be. 


dried in alcohol or ether or by blowing hot air through it, 


(c) Pre-heating : Before exposing the tube to the sudden 
and intense local heat of blast burner or of the cross-fire, its 
temperature should be gradually raised in order that it may not, 
crack, For this purpose, the tube should be first heated in the 
flame without any air blast. When the tubs has become suffi- 
ciently hot, it will now be safe to blow air blast in the burner- 
in order to raise its temperature higher. Under this intense heat 
of the blast burner, the temperature of the tube* becomes very 
high and it distills sodium vapour to make the flame yellow. 
This sodium test usually indicates the temperature at which 


itis safe to begin operations of shrinking, blowing, moulding 


etc, 
(d) Rotation of the work: The rotation of the tube 
should be done uniformly with perfect co- 


o hands as shownin Fig. 3. Glass properly 
uniformly soft and the effect of 


during heating 


ordination of tw 
rotated in the flame becomes 


gravity on it is symmetrical. 
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Due to convection currents of air, the lower surface of hot 
glass cools more rapidly than its upper surface. Hence the uni- 
Worm rotation of the tube should be continued even after the 


Fig. 3 


work is taken out of the flame, A beginner may find difficulty in 
the rotation work and to overcome this difficulty he may. 
practice rofation by employing the model explained below. 

The model consists of two glass tubes connected with a heavy 
«cloth. Не should practise its rotation by employing the two 
‘hands in such a way that the cloth may not wrinkle or twist and 
there is neither compression nor tension. At this stage the 
person becomes fit to 5 
‘begin operations with the 
flame. 

The hand should be 
held in the manner as 
shown in Fig. 3. The left 
hand manipulates heavier 
` section of glass, while the 
right hand rotates its 
other section without 
stretching or compres- 
sion relative to the main 
section of the work. 

(e) Bending of 
tubes: The tube to be 
bent is heated over a Fig. 4 


BAD 


considerable length by а cross-flame with continuous rotation 
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-until the heated portion is quite soft. It is then removed from 
-the flame and bent to the desired angle with the conyex side 
downwards as shown in Fig. 4. 
Imperfections may arise in bending large tubes and small 
thin-walled tubes. If the outside flattens [Fig. 4(b)), it can be 
-corrected by blowing while the glass is soft. If the inside 
surface folds [Fig. 4(c)] then it is locally heated with a pointed 
Same and worked by alternately shrinking with blowing until it 
is uniform. 

(f) Shrinking: At an, elevated temperature the glass 
oft and due to the effect of surface tension its surface 
-tends to decrease, thereby producing adeformation. This is 

known as shrinking. The viscosity of glass tends to prevent 
-this shrinking. In the construction of apparatus, shrinking is 
- controlled by the spinning tools and by blowing into the work. 
(g) Annealing : When the glass is quickly cooled to room 
temperature from its working temperature, it breaks due to 
-gtrain in it. Hence it should be cooled by introducing & 
minimum amount of strain. For this purpose the glass should 
be cooled slowly from its working temperature to the room 
erature by employing suitably regulated oven. 
(h) Blowing bulbs : 
The blowing of bulbs 


(3) can be successfully 
f (| А done by (i) heating the 
heavy mass of soft glass 
fo a uniform tempera- 
ture in the flame and 
by (ii) skilfully manag- 
ing the air cooling when 
brought outside the 
flame, so that the cool- 

Fig. 5 ing may be symmetrical. 

The first operation is to heat the end of the glass tube until 
-tho glass collects at the end [Fig. 5(a)]. As the glass collects 
at&he end, itis alternately blown out and shrunk to distribute 


becomes 8 


"temp 
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it uniformly until enough has collected for the final bulb, The 
collected glass is then heated to a uniform temperature and 
removed from the flame. After rotating the work oria 
seconds about a horizontal axis it is expanded by blowing. 
y The blowing should be gentle at first ; but it should tO stronger 
У the glass stiffens. The work is to be kept in rotation 
corntinuously. 

yA one portion of the surface tends to expand more than 
the c ther, that portion should be turned down and cooled ques 
to restrain its expansion, for the underside cools more rapidly 
than the other portion. 


(i) Drawing of Capillary tubes: A soft glass tube, 


CAPILLARY A o —- 


FORCEPS 
Fig. 6 


about 6 to 8 inches long and + inch in diameter, is to be 
taken. A considerable length of it in the middle region should 
be heated uniformly in cross-fires by rotating the tube conti- 
nuously. When the heated portions have become soft, the 
&wo ends should be pulled apart either by hand 
to form a capillary tube at the middle (Fig. 6). 
after drawing, the tube should be kept vert 
bending by the action of gravity, The capillar 
be wide or narrow according ag the pull is в 
А portion of this capillary, 
cut ouf. 


Or by forceps 
Immediately 
ical to avoid 
y tube would 
1 low or quick. 
having almost uniform bore, is to be 


3. Metal glass seals. 


(a) Platinum-glass seals: As thermal 
soft glass and platinum are nearly equal, {ог 
was sealed in glass without getting any crack 
Such seals are rarely used now because of th 
platinum. 


expansions of 
merly platinum 
during cooling. 
9 high price of 
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(b) Tungsten-glass seal: Tungsten wires of diameter 
less than '06 inch may be sealed through Pyrex. Lar = 
bananten wires are first sealed in a sleeve of Nonex glass ud 
in its turn is sealed into the glass. This procedure is helpful 
{ог the total expansion of nonex between its strain point d 
room temperature is almost equal to the expansion of 
tungsten. For sealing a tungsten wire, it should be first cleaned 
and heated to white heat in the gas flame. When sealed in 
vacuum tubes, the tip of tungsten wires should be closed by 
fusing nickel. Otherwise air will leak through the fibrous 
structure of the wire. 

(c) Copper-glass seal: It is possible to seal copper to 
pyrex or soft glass by the technique developed by W. G. House 
The copper has a larger coefficient of expansion than 
either type of glass. When the copper is thin, it is deformed to 
absorb differences betwen its expansion and that of glass, 
a circumstance made possible by its high ductility and low 


Keeper. 


yield point. 
(d) Kover and Fernico: The thermal expansion of 


most metals are almost linear, while the rate of expansion of 
ses near their softening temperature. The two new 
alloys Kover and Fernico closely duplicate the expnnsion of 
some of the commercial glasses. These alloys yield metal-to- 
n unstrained under all the annealing 
have made modern all-metals radio 


glasses increa 


glass seals which remai 
conditions. Such seals 
tubes possible. 
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TABLE OF PHYSICAL CONSTANTS 


(General Physics, Heat, Sound and Magnetism) 


1. Some important formulae : 


Circumference of & circle = nr 

Area of circle =пт° 

Surface area of а sphere =4nr* 
_— 4. 8 
=! 


Volume of а sphere 
Curved surface of a cylinder 


Volume of & cylinder 
2. Moment of inertia of some regular bodies : 


= пт x length 
=пг? x length 


| Body Axis of rotation Moment of 
Inertia 
SS 
Rectan- Passes perpendicular to the surface M JEN DE 
gular and through the C. G. of the lamina 12 ) 
lamina А 
E Л lus 
Cylinder Coincides with that of the cylinder 2 
12 
» Passes perpendicular to its length u( a5) 
and through tbe C.G. 
amra 


oincides with any diameter 


Sphere C ) 
3. Conversion table : 
Mass Volume 


Length 
ETUR I 
Linch &254cm. 11b. = 453'6 gms. 1 gallon —4554 litres. 
1 metre —39:37 inches | 1 gm.=15°43 grains 1 cu. ft. —28:311 litres 
i =I ilo- 1 kg. =22 lbs. i Н 
1 mile, 280 Edere А E lpint = ‘568 litres, 
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4. Density of common substances. 


Substance 
і 


Solid . 


Aluminium 
Alum 
Brass 
Copper 
Cork 
Glass (crown) 
» (fint) 
Tron (cast) 
» (wrought) 
» (steel) 


Marble 


Density 
in 
gms.[c.c. 


27] 
1°76 
8:4—8'7 
8:93 
'22—'96 
2'5—2'7 
29—45 
VETE 
7:8—7'9 
77—79 
2:55—2:8 


Density Density 
Substance in Substance in 
gms./c.c, gms./c.c. 
Paraffin `87—`93 | Mercury 136 
Соттоп Milk 1:03 
salt | 2:17 
Paraffin oil 8 
Sand 2°63 Petrol '68—7 
Sugar 1:59 Sulphuric 
acid 1:84 
W ood 7—9 
Turpentine `87 
n 3 Water 
Liquids : (pure) 1:00 
Alcohol "792 » (sea) 1:026 
Glycerine | 1:26 Gases at 
N.T.P. 
Kerosine “80 
` Hydrogen *000089 
Methylated 
spirit | +83 Air *001293 


5. Variation of density of water with temperature, 
a 


Деш 0 2 4 6 8 
0 99987 | -99997 | 10000 | -99997 | -99988 
10 99973 | -99953 | :99927 | :99897 | -99862 
20 99823 | :99780 | -99732 | -o0681 | -99626 
30 99567 | -99505 | :99440 | -99371 | -99300 
40 99220 | 99150 | -99070 | -98980 | -o8900 
50 9881 9872 | -9862 | :9853 | -9843 


APPENDIX В 999 


6. Elasticities and Breaking stresses of materials. 


eee 


| 

Material dp SR Rigidity in Vay Ал 
per sq. cm. (Y) per sq. em. (п) | sq. cm. 
Brass 9°7—10°3 x 1012 | 35x 1011 | 3400 
Copper 124-129 ,, SES Meg 3000 
Iron (wrought) | 19 —20 5j T7-83 ,, 6000 
Steel (ordinary) 195—206 „ 79-89 ,, 11230 


auo 
tensions of liquids in contact with air. 


7. Surface 

$5 | gió ae | gas 
д Substance 8.5 9% | Substance el $55 
Bo 55 He Suc 
es | 285 ely) CS 
Water 0 765 Glycerine 20 63°14 

i 20 73'5 Olive oil 20 32 
3 30 72 Paraflin oil 25 264 

Ethyl e 

alcohol 20 217 Turpentine 15 273 


n — 


Viscosities of liquids and gases. 


8. 


ge ар | Bu 
59 is 3 ае 
| Substance a8 za Substance | 2-9 9919 
a8 S ом RE 
“5 9 Bus. th eae 
Ethyl 
Water 0 *01793 alcohol 30 00989 
si 15 :01142 | Paraffin oil als) Soup 
5 20 | «01006 | Oliveoil | 15 | 9 
Ы 25 | 00893 Air 0 | -000113 
Water 
1 30 *00800 vapour 0 *000087 
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9. Coefficient of expansion of substances. 


te ————_-_— 


2 Coefficient of 
Substance үсешен гы Substance cubical expansion 
(solids) WES (liquids) per *C 
pe (real expansion) 
Aluminium 255x10-6 Alcohol (Ethyl) 110x10-5 
Brass ПВО Benzene 12407 
Copper 16:77555 Glycerine 53 " 
Glass (crown) 9 2 Mercury 1818 ,, 
Iron (cast) ЛО: Paraffin oil 90 y 
» (wrought) | 119 „ Turpentine 94 " 
German Silver | 184 ,, Water(20? — 40°) 302 ,, 
Air 367 ay 
(eris i-o 100 ou vr er e S з сш! 
10. Specific heats of solids and liquids. 
аа-аа 
Substance Specific Substance Бренс Substance Specific 
Solid : 2 
Aluminium ‘21 Marble *21—*22| Glycerine *58 
Brass :089 | Common Castor oil 508 
n salt | -21 
Copper *091 | Nickel *106 | Linseed oil "44 
German Silver | 095 | Paraffin Olive oil -47 
wax | 69 
Glass (crown) "16 Procelain 18 Paraffin oil ‘51—54 
„ (flint) 12 Sand “19 Mercury “034 
105 
on Liquid : 
- | Ice 502 
Lead *03 Alcohol '547 Turpentine "42 


\ 
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| Pressure of saturated water vaponr. 
Pressure ёс; Pressure Ee Pressure | д; Pressure 
in mm. | go in mm. | go inmm. | He in mm. 
ofHg |&я| of Ho |SS| of Hy |&Я| of Hg 


12°779 22 1979 29 29°94 36 44°40 
18:694 28 21:02 30 31°71 97 46:90 
14517 24 22:32 31 33°57 38 49°51 
15'460 ; 25 23°69 32 35°53 39 52°26 
16:456 26 2518 38 87°59 40 55°18 


17°51 27 26°65 34 39°75 45 71°64 


21 18°62 28 28°25 35 4202 | 60 92°30 


12. Mechanical equivalent of heat (J). 
J=4'185 x 10” orgs per calorie 
| =4'185 Joules per calorie. 
| J — 118 foof-1bs./B. Th.U. 


| 13. Thermal conductivity (in cal. per cm. per sec. per 


| °С) of solids. 


2 ————————————— 
tdg з 9 Y 
Subs- | 892 | Subs | B8 | Sub. | 5 
tance E 79.2 | tance E HA | tance 8 "E 
HS Be 8 gs 
| | 
| С1авв 
Copper | ‘918 ((сгозуп) | `0095 | Lead 8 
| 
German Glass 
Brass “260 silver "070 (flint) *002 Steel 11 
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14. Melting and Boiling points of substances. 


Melting Boiling Boiling 
Substance point Substance point Substance point 
in °С in °C in °O 
Solid : Liquid : Ohloroform 6r2 
Bees wax 61—64 |Alcohol (ethyi)| 78'3 | Ether 346 
Naphthaline | 80 Aniline 183:9 | Glycerine 290 
Paraffin ` | Phenol 181:5 
(hard) | 52—56 | Benzene | 802 
Stearic acid 291 
Palmitic acid | 62:6 Carbon di- | 
sulphide | 46'2 | Turpentine 159 
Phenol 42'7 | 
Carbon tetra | Xylene 149:6 
Stearic acid | 69:8 chloride | 767 
15. Velocity of sound in several media. 
Velocity | Velocity Velocity 
Media | ір metres| Media in metres| Media in metres 
per sec. per sec. per sec. 
Air at °C | 332 +612 | Glass 5000 Mercury 1407 
Brass | 3400 | Hydrogen) 1362 Nitrogen 338 
Copper | 3600 | Iron * | 5130 Water at 


| | е0 1390 +33: | 


16. Magnetic elemets апа g. 
— 


Place Declination Dip m 

in Oersted 
Agra 10 E 40°41’ N 348 
Allahabad 20’ E 37°10’ N "363 
Bombay 4l E 24°21’ N *365 
Calcutta 397 30°59’ N 373 
Delhi 2?2' E 40°56’ N "340 
Madras 0°10’ W 34937 N "369 
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A TEXT BOOK ON 
PRACTICAL PHYSICS 


[For Three-year Degree Course (Pass)] 
PART П 


[Light and Electricity ] 


CHAPTER I ' 


Л. Am Optical bench and its uses, 


Description : Measurements of the Optical constants of 
"mirrors and lenses are best performed by using optical bench. 
Fig. 1 shows опе of the various forms of optical bench which are 
employed. The object, the lens, and the screen are mounted on 
stands bearing an index or reference mark. The stands can slide 
along the bench so that the reference mark always touches a 
scale graduated in mm. As these reference or index marks 
are not properly placed, a correction known as index correction’ 
lis always necessary. 


OBJECT 
L SCREEN 


IMAGE 
SCREEN 


Fig. 1 


On the object-screen, there is a hole provided with a 
«ross-wire. This cross-wire, which is illuminated by an 
electric lamp, serves the purpose of the object. The image- 
screen is nothing but a white paper or a ground glass fixed to 
a frame. The lens can be placed in a lens holder kept on the 
stand placed between the object and the screen, 

Index correction : To correct for the index error which may 
exist between the object-screen and the lens, or between the 


X CA LCU DA 
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image-screen and the lens, or between the object-screen and the 
image-screen, the following procedure is adopted. The length / 
(i is about 30 ст.) of an iron or glass rod with pointed ends js. 
measured accurately by a scale. The stands carrying the two 
things, between which index error is to be corrected, are 
brought nearer and they are made to touch the two pointed ends 
of the rod. At this time, the readings Rı and Rə of the bench 
scalé corresponding to the index or reference marks of the two 
stands are noted. Let the difference of these two readings, 
viz, (Ri~Rs) be d. Then the index error between the two. 
stands is (1—4). If the distances are to be measured from 
the centre of an equi-convex lens, then the index error would 
be (I—d+t/2), where t is the thickness of the middle region of 
the lens. This quantity, viz., (1—4) or (i—d-3-1/2) should be 
algebraically added to the quantity which is to be corrected 
for the index error. 


2. Precautions to be taken in optical experiments. 


(a) Parallax and how to eliminate it: If two objects 
(say Оз and О») are not coincident then on moving the eye in a 
direction perpendicular to the line joining the two objects (viz., 
the line EO,O,) we shall find that the direction of movement 


£; 


E O1 05 


Е 


Fig. 2 


of the distant object (О) is the same as that of the eye while 
the direction of movement of the nearer object (01) is opposite 
to that of the eye [Fig. 2]. This phenomenon is known as 
Parallax. When the two objects (viz., O, and Oz) coincide 
jhere will be no relative movement between them as the eye is 
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moved along a line (the line ЕЕЕ») which is perpendicular to 
the line (the line EO,O.) obtained by joining the two objects 
(viz., Оз and Oz). 

lt is evident from the Fig. 2 that when the eye is placed 
at E on the line O.O,E, the two rays О.Е and O;E, from Oz 
and О. respectively follow the same path and hence the two 
objects O» and O; will be found to be coincident. 

When the eye is moved towards left in the position E;, the 
object О» will be seen towards left; for the ray OsE; from the 
object O» remains on the left side of the ray O;E from the 
abject Ci. 

Again when the eye is moved towards right in the position 
E», the object O» will be seen towards right; for the. ray 
ОЕ», from the object О» remains оп the right side of the ray 
OE. from the object O;. 

Thus as the eye moves perpendicular to the line 00115, 
the more distant of the two objects, viz., Оз moves with the 
eye while the nearer object viz., O, moves opposite. to the eye. 
Ву these movements of O; and Оз relative to the movement 
of eye, we can detect which object (here O;) is.nearer to the 
eye and which object (here Оз) is far away from the eye. 

Hence to make the two objects O; and O» coincident, either 
the nearer object О will have to be moved away from the eye 
ie. towards the distant object Оз or the distant object O» will : 
have to be moved towards the eye, i.e., towards the nearer object 
Оң, until there is no separation between the two objects О, and 
О» whether the eye is moved from E towards E, or ЕЁ». The 
two objects will be found to move together with the movement 


of the eye. 
Of the two objects, O; may be actual object while О» may 


mage of O; or it may be the image of another object 


be the i 
Again both О, and 0: may be the images of two 


und vice versa. 
different objects. 


(b) Illuminati 


mated by a source 
strongly as possible. 


on: Whenever an object is to be illumi- 
of light, it should be illuminated as 
The sources of light which are usually 
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employed for illumination purposes are (i) sodium flame; 
(ii) electric lamp, (iii) diffused day light. 

(i) When sodium flame is employed to illuminate an object 
such as a slit, the brightest part of the flame is to be put at a 
distance of about six inches in front of the slit. By trial, the 
position of the flame is to be adjusted until the image of the 
slit is brightest. If necessary, a convex lens may be employed’ 
to concentrate as much light on the slit as is possible. 


(ii) When an electric lamp is employed to illuminate am 
object (which may be a siit or a rectangular cross etc.) the bulb: 
should be made of frosted glass or the clear glass of the bulb 
should be covered by a thin white tissue paper so that the 
formation of the image of the filament of the lamp maybe 
avoided. If necessary, here also a convex lens may be employed’ 
to concentrate as much light on the object asis possible. The 
bulb should be placed at a distance of about 5 or 6 inches in 
front of the object to be illuminated. 


(iii) When an object is to be scen with the help of a teles- 
cope ог a microscope or a magnifying glass, the usual procedure: 
is to illuminate the object with diffused day light (sometimes 
electric lamp is employed for illumination). Hence the object 
to be seen is to be placed at such a position and at such part of 
the room, where the illumination by day light is greatest. 


Sometimes to increase the illumination, the diffused day: 
light is reflected to the object by a reflecting mirror (as in the 
case of a high power microscope). In some cases, the object to 
be seen is placed on a white paper so that the illumination of^ 
the object may be greater (as in the case of the determination: 
of refractive index of a liquid by microscope). 


(c) Focussing of telescopes and microscopes : Whenever: 
a telescope or microscope is employed to view a distant: 
от near object respectively, the following procedure should be: 
followed :— 


(i) The cross-wires of the telescope or of the microscope 
should be first focussed very sharply. For this purpose .the 
telescope or the microscope should be directed towards a bright 
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white wall and by drawing the focussing lens in or out the: 
cross-wires should be sharply focussed. 

(ii) To focus a distant object by a telescope, it should be: 
directed towards that object and the eye-piece should be drawn- 
in or out either by hand or by the rack and pinion arrangement: ) 
until the image of the object is very sharp. То avoid parallax: 
between the image of the distant object and that of the cross-- 
wire, the eye-piece tube is to be drawn in or out very slowly: 
untii there is no relative movement beiween these two images, 
as the eye is moved in a line which is perpendicular to the axis: 
of the telescope tube. 


(iii) To focus a very near object by a microscope, the: 
microscope is to be directed towards that object and the: 
microscope tube should be slowly moved as a whole, either: 
towards or away from the object, until the image of the object. 
is very sharp. То avoid parallax between the image of the near: 
object and that of the cross-wires, the microscope tube should be: 
moved very slowly until there is no relative movement between: 
these two images, as the eye is moved in a line which is perpen-- 
dicular to the axis of the microscope tube. 


(d) Index-error and how to eliminate it: То perform 
experiments with the help of an optical bench, an error known: 
as the index error always arises. This error is due to the: 
incorrect marking of the index line at the base of the vertical! 
stands which can slide on the scale ot the bench. Hence а correc-- 


tion for this error is necessary. 


[For correction of index error, see Art. 1, p. 3] 


3. Camparison of the Luminous intensities of two: 
sources of light by Bunsen’s photometer. 


' Apparatus : Bunsen photometer consists of an unglazed! 
white paper fitted to a frame. At the middle region of this. 
paper, there is a small circular grease-spot G which is more: 
transparent than the rest of the paper. 

This photometer can be mounted on an upright fitted to an: 
optical bench. On the two opposite sides of this grease spot, two- 
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sources of light Sı and $5 (whose luminous intensities are to be 
compared) can also be mounted on suitable uprights fitted to the 
bench (Fig. 3). These three uprights, carrying the photometer 
and the two sources, are provided with index marks at their 


БЕП с = / 5 


Fig.3 
bases and they can be made to move by the side of the horizon- 
tal scale of the bench, as is shown in Fig. 3. 


Theory : When two sources $; and Sə of light placed 
on the opposite sides of the grease-spot G [Fig. 3] are adjusted 
so that the grease-spot and the rest of the paper are equally 


bright, the normal illumination ғ.(- 2) by the first source 
Ti 
S, on the grease-spot G becomes equal to the normal illumi- 


: T 
nation z,[-L) by the second source S, on the same grease- 
2 


spot G. That is, 


І, To Iı 71° кА e (1) 


2 any OP = 
71 Tat” Ж Ta? " 


Here J; and 7» are respectively the luminous intensities of 
the first source Sı and the second source Sə, while rı and r2 
are their respective distances from the grease-spot G when 
balance on the photometer is obtained. By employing the 
relation (1) the luminous intensities of the two sources can be 
compared. 
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Procedure: (i) Three uprights are fitted to a suitable form 
of optical bench. The photometer is mounted on the middle 
upright, while the two given sources of light (S; & Sə) are 
mounted on the two extreme uprights [Fig. 3]. Adjustments 
тте made to bring the centres of the two sources Sı and S» and 
-the centre of the grease-spot С in one, horizontal straight line 
parallel to the axial line of the bench. 


(ii) The index error 2, between the source Sı and the 
'grease-spot С as well as the index error 74 between the source 
‘Sy and the grease-spot are separately determined in the usual 


way [see Art. 1]. 


(iii) The two sources 51 and S» are kept at a fixed distance 
apart and the readings A and B respectively of the bench scale 
corresponding to the index marks at the base of their uprights 


are noted. 


(iv) The position of the upright carrying the photometer 
is now adjusted until the grease-spot and the rest of the paper 
are equally bright. The reading С of the bench scale corres- 
ponding to the index mark at the base of this upright carry- 
‘ing the grease-spot is, noted. This observation is repeated 
thrice and the mean of these three readings (i.e. mean C) is 
found out. Thus we get the distances т (=C~A) and r» 
(=C~B) of the sources Sı and S» respectively from the 
,rease-spot G when balance is obtained. 


(v) The operations (iii) and (iv) are repeated for two 
-other fixed distances between the sources Sı and S». 


(vi) The positions of the sources are then interchanged and 
‘the operations (iii). (iv) and (v) are repeated for those three 
fixed distances between Sı and Ss» as were formerly 


-einployed. 

(vi) The 
-observations ап 
"value of the ratio L,/12- 


ratio I;/I2 is found out from each of the 
d the mean of these six ratios will give the exact 


10 A TEXT BOOK ON PRACTICAL PHYSICS 


Experimental data : 


(A). То find the index errors А, and A. between S, and 


G, and also between S; and С respectively :— 


TABLE 1 
ee aaa 
Length of Diff. of bench-scale Teadings Index error in cm. 
index rod In cm. when the two ends of between, 
in cm. index rod touch the, 
(2) 
Source S, and | Source Ss and | S, & Gis | S, &G is 
the screen G the screen G Ay=l-d, Agmi— ds 
(41) (ds) 
7=,.,cm. 
—————À 


———Ó————M——MM—— 
(B). To find the distances r, and т» of the sources S, and 


S; rcspectively from G :— 
TABLE JI 


ы. 


‚ App. dis- Corrected |$ 
sources Positions in cm. of g tances in distances |25 
кшп с |ст. between| incm.of |S X 
2 -— = 
o E = = ЕЈ ES 
E ge e eas ase e Lus 
ан ее е А М а ЭШЕ ГЫС + aa E 
S alele? од SO в o о oi ^ fale 
а |н | оо о | мх | а үч ra 1 z 
“|5 3 ү е ЕП ees 81 eal 
a a о АА т | 
I Saj Ss}... | oe sae || see! ogee де Ul ocr [rp [tebe 
2 » » Ld C ae ees LI LI D wee eee 
Ж. Jean Th а ket ES es || eal edes ee 
45:15; | .. God б SM | Be 53 о ceat кт; 
5 5 |» ase 5 is 37, TS in |. 
6, |» ө ө ^ Ga 1:1 58) |59 
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Celculations : 


Discussions : — (i) Due to absorption of light by the greased! 
portion of the paper, the greased portion can never be made: 
equally bright with the rest 
portion. But we can make the 
spotequally bright on either 
side. For this purpose two 
plane mirrors M; and M» are 
kept on the two sides of the 
screen G, each being inclined 
with the screen by an angle 
of45*. By this, the two sides 
of the spot can be viewed 
simultaneously to judge the 
equality of brightness. 

(ii) If the two sources are 
not emitting light of same Fig. 3(a) 
colour then the equality of brightness can never be realised: 

(iii) The sources are to be interchanged, to eliminate the 


effects of illumination of the screen by stray reflections from the 


Grease Spor 


wall or any other surface. 
(iv) As L/Ij-rjir$, the ratio 7,/I, should be neither 


o small otherwise a small error in the measure- 
will introduce a large percentage error in ће 
For greater accuracy, rı and rs should be 
Il error in their measurement will not introduce: 


too large nor to 
ment of rı OF 7» 
value of I1/I2- 
large so that a sma 
large error in the result. 


Oral Questions and their Answers , 


the meaning of the terms:—(a) Luminous flux, 


1. Explain n f 1 
(c) Luminous intensity, (d) Candela, (e) Lumen, 


(b) illumination, 


(f) Phot and Lux. 
1 h an area is tbe i i 

(a) Luminous flux throug be quantity of light that 
flows per sec. through that area. (b) , Illumination at a SU is the 
amount of ]uminous. fux through unit area surrounding tbe point 
(c) Tiiminous intensity of a source in a given direction is the amount 
of luminous flux radiated per unit вона. angle in that given direction 
(a) Candela is the unit О uminous intensity which is 589 of the old 


British candle power. (e) Lumen is the luminous flux radiated per 
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unit solid angle by a source of luminous intensity one. candela. (f) _The 
illumination of a surface of 1 59. cm. or 1 sq. metre are respectively 
c1lled Phot or Lux according аз 1 Lumen Passes normally through that 
aréa held at a distance of 1 cm, or 1 metre respectively from a source of 
luminous intensity one candela. 


3. Is it necessary that the two sources should emit light of same 
colour ? 


Yes; otherwise equality of brightness cannot be judged. If the 
two sources emit light of different colours, then Flicker photometer 
(see ‘Text Book on Light’ by the author) should be employed. 


4. Determination of the focal length and hence the 
power of a convex lens by displacement method with the 
Кер of an optical bench, 


"Theory : When the distance (D) between the object and 
the screen is greater than four times the focal length (f) of 
the given convex lens, sharp image can be cast on the same 
screen for two different positions of the lens. if x be the 
distance between the two positions of the lens, i.e. the displace- 
ment of the lens, then the focal length f of the lens with its 
sign is given by, 

D3-52 

iD Co 4 cn m (1) 
This relation (1) is employed to find the focal length of a convex 
ens. 

The power P of the lens in Dioptre is given by, 


f=- 


100 


Pes "fin em, 


dioptres oe ew (9) 


Procedure: (i) The cross-wire of the object screen is 
illuminated by the light of an electric lamp and the index of 
this stand is kept at a fixed mark at one end of the bench 
scale. The reading (A) of the scale corresponding to the index 
is noted. This position of the object stand is kept fixed 
throughout the experiment. 

(ii) A convex lens is kept on a stand between the object 
and the screen and the heights of the object, the lens and the 
screen from the bench are adjusted so that the centres of thc 
cross-wire, the lens and the image screen are all in one horizon- 
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tal straight line. Next the index error ( = 2) between the object 
and the screen is determined in the usual way (see Art. 1). 

(iii) At first, the position of the screen is so adjusted that 
2 sharp image is formed on it for two different positions of 
the convex lens which are small distance apart, ie. the dis- 
placement of the lens is small. When this care is taken, we get 
magnified image for one position of the lens (nearer to the 
object) and diminished image for the other position of the lens 
(nearer to the screen) and the size of the diminished image is of 
such a dimension, that its sharpness can be clearly distinguished 
from its out-focussed condition. Keeping this position of the 
screen fixed, the reading (B) of the bench scale corresponding 
to the index mark on the screen-stand is noted. Then the ap- 
parent value of D is, Di =(A~B). Corrected value of D is 
given by D= (Dic 2 

(iv) The first position of the lens is adjusted nearer to the 
object until a sharp magnified image is formed on the screen. 
The position of the lens is noted from the bench scale. This 
operation is repeated thrice, the mean of which gives the first 
position (А1) of the Jens. 

(v) Next the second position cf the lens is adjusted nearer 
1 another sharp diminished image is formed 
on the same screen. ‘The position of the lens is again noted 
from the bench scale. This operation is also repeated thrice and 
the mean of these three readings gives the second position (Ra) 
of the lens. The displacement of the lens is thus obtained as, 
x=(Ri~Rz). 

(vi) The position of the screen is then shifted to three or 
four different positions by displacing it by steps of 2 or 3 cm., 
so that the value of D may be greater or smaller than its 
bout 2 ог З ст. At each value of D, the 
operations (iv) and (v) are repeated. Thus for three or four 
different values of D, we get three or four different values of 
x and in each case the value of f is calculated from. the relation 
(1). The mean of these three or four values of f is the actual 
al length of the lens. When this mean value of f (with 
x e get the power P of the lens. 


to the screen unti 


preceding value by a 


foc 
its sign) is put in the eqn. (2) w 
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Experimental data : 
(A). Index error (2) for D :— 
TABLE 1 
— шшш А ШШ 
Diff. of bench--scale 


Length readings in cm, 
of index when the two ends | Index error for 
rod in of index rod touch | „D in cm. is 
cm. (7) the object and A=(1—d) em. 
screen (d) 
1—...cm. cede o) Az...cm. 


(B). Records of the data for D and x :— 


TABLE П 
A CR SPNU АСУДА АШТЫ Ig WERE AS TNT A 
ў Positions| _ ү, Б S Лү О 
- | incm. of | £tg lS g $8 cy ER BA) 6 
E рш 28 $ (22 |Р Ta sz 
e aS БИЕ БИЧЕН 85A EES 
Sja |e [ат баасаа leis) aeS 
е) $a |а зе |ES E lia] | gpl | 
^ [n3 $8 еза [ER S еа | =| ng 
S | а «s & 8 з Ba | 
74 668 E 
1. [orj 50 |a| i |742 741| 666 |66%| 75| (...) 
ы 
Т АК 665 
D 
2 |765 62:2 y 
ar H 
2. |. [468 ааг eri | 764 764 624 [ezala] C.) 
uv 
766 62:2 
= | +] 
—|—|—_|—}|— | — (Ж 
СА dio- 
S BD cm.|ptre 
ЗЛ esso MP) MN Tuc] T 3 („ә 
4 les Me - C) 
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‘Calculation : 


Formula employed is f= — = 
(D БЕ (на, 
lii) f=- = —(---Jom; 
(ii) f=- (:)---(-Jem. 
(iv) P= -——209——— +(..) dioptro 


mean f in em. 


(i) To have minimum proportional error in the value of 
*f the displacement x of the lens should be small* and hence 
Л) should be adjusted accordingly. 

(ii) As a small change in the value of D causes a large 
«change in the value of x**, the value of D should be changed 
by 2:or 3 cm. nearly in different observations. 


Oral Questions and their Answers 


1. Define focal length. 

By the term 'focal length of a len? we mean its second focal length 
and it is the image distance when the object distance is infinity i.e. 
incident rays are parallel. o 


DEXA 
4D 
given value D, the proportionalerrorin f for a small error óx in the 

of 2xóx 


measurement of x is given by, ~=— 
e 3 x g: U pias 


"Тһе numerical value of focal length is, f= онаа б а 


. Thus the proportional 


is small 


A «Of 22 
error in f viz, = would be minimum when the fraction 
f == 
d.e., when x is small. 
D? —х? 


«When the expression f= is differentiated and simplified we 


get a relation connecting the variation of D, viz, ôD with the varia 
tion of x, viz. a and this relation is given by, 


ace Р-27 sp. 
x 


For a given change 5D of D, the corresponding change 5x in x would be 


р-27 
ez 


large, for ôD is multiplied by factor which is greater than unity (for 


.D>4f and х is also small). 
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2. How many focal lengths are there and which is accepted by you 


What is the sign of the focal length ? 


There are two focal lengths, first and second. First focal length is. 


the object distance whose image distance is infinity. We accept the 
second focal length whose sign is — ve for convex and +ve for concave 
lens. 

3. Are the two focal lengthe equal or different ? 

They will be equal when the lens is surrounded by the same 
medium but will be different when the incident and emergent media are 
different, 

4. Does the focal length change with colour ? 


Yes, for, ze (u71) (2-2). Hence f depends on и and the 


curvature of two surfaces. As p is greater for violet light than for 
red light, f is smaller for violet than for red. Increase of curvature 


(- 1) will also shorten tke focal length. 


5. Why do you keep the distance between the object and the screen 
greater than 47? 

Otherwise two real images cannot be obtained. 

6. What is the minimum distance between the object and its real 
image formed by а convex lens? 4f. 

7. Is it advisable to make D large ? 

No, in that case diminished image will be very small and its 
focussed condition cannot be detected. 

8. When you immerse the lens in water, will itsiocallength be the 
same as before ? 

No: its focal length will be 4 times greater than in air. 

9. Why is the index correction for x unnecessary here ? 

For the displacement of the lens must be equal to the displacement 
of the index of the stand on which the lens is kept. 

10. Why is one image magnified while another image is 


diminished ? 7 а 
Magnification of the image= image distance’ when the lens is 


Object distance 


nearer to the object, the image distance is large and hence the image 


is magnified, while the reverse occurs when the lens is nearer to the 
screen. i j 
11. By employing your data can you find f by graphic method ? 
deu es ae рэха 2 
Yes ; the focal length with its sign is given by—f= р ог, $5 


DAI wis plotted along y-axis while D is plotted along x-axis, 


we get a straight line cutting both y and x-axes. The intercept made by 
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this straight line on the z-axis is— 4f. Since when y is zero, ie. х°/ О is 
zero we get D (the intercept on x-axis) equal to — 4f. 


12. Can you measure the size of the object by measuring the sizes of 
the images ? 


Yes : if Т, and I, are sizes of the two images, then the size of the ois 
is given by, О= VIIs. 


5. Determination of the focal length and hence the 
power of a convex lens by drawing a graph between the 
distances of its conjugate foci. 


(a) By using optical bench. 


Theory: After proper consideration of the signs of the 
object distance (и), and the image distance (v) of convex lens 
forming a real image, the focal length (f? of the lens is given by 


ДЕЧҮ 
m 1,1) : om е (1) 


By obtaining the various values of v corresponding to 
different values of и, if we draw a graph plotting и along the 
x-axis while v along the y-axis, so that the origins of both и and 
v are the same and the scales of their representations along the 
two axes are also equal, Lar 
then we shall get а 
rectangular hyperbola 
[Fig. 4]. 1f a straight 
line be drawn from the 
origin by making an 
angle of 45* with the 
axes, then it will cut 
the curve at P whose co- 
ordinates will be equal, 
ie. u and v will be equal. 
Putting this condition in Tiga 


2 1 
equation (1) wegeb—; 7p» 0b w= -9f and = —9f, Thus 


2—P, П 
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halt of the values of the co-ordinates of P with negative sign 
will give focal length of the convex lens with its sign. 


The power (P) of the lens is then given by, 


P= ОШ dioptres ac en (5)) 
jin cm. 
Procedure: (i) The maximum thickness (1) at the centre 
of the lens (equi-convex) is measured several times by a slide 
callipers and the mean thickness (t) is found out. 


(ii) The cross-wire of the object-stand is kept at a certain 
height from the bench and it is strongly illuminated by an 
electric lamp from behind. In front of this object-stand there 
зге two other stands for mounting convex lens and the screen 
respectively. 


The given convex lens is mounted on the second stand 
while the screen is placed on the third stand. The heights of 
the lens and the screen are adjusted until the centres of the 
cross-wire (object), the convex lens and the screen are all in 
one straight line parallel to the bench. 


(iii) The index error 2, between the lens and the Object 
(i.e. index error for 4) as also the index error №, between the 
lens and the screen (i.e. the index error for v) are determined 
separately in the usual way (see Art. 1). 


(iv) Before making any record of (u—v) data, the object 
and image distances at start, should be made nearly equal (so 
that each distance may be nearly equal to 2f) in the following 
way :— 


The lens stand is placed in the middle of the bench while 
the object-stand and the screen-stand are placed on the opposite 
sides of the lens by an equal distance of about 5 cm. (say). Then 
the positions of the object-stand and the screen-stand are shifted 
away from the lens by equal distances (say by 1 or 2 cm.) until 
we get a sharp image on the screen. Let d be now the distance 
between the lens and the cross-wire or between the lens and 
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screen. The distance d would be neariy equal to 2f and the 
object distance at start should be made equal to d.* 

(v) The object-stand is now shifted to one extremity of 
the bench and the index of this stand is made to coincide with 
a definite mark (say integral number) of the bench scale. The 
reading (A) corresponding to the index of the object-stand 
is noted and this reading is kept fixed throughout the 
experiment. 

(vi) The convex lens stand is now kept at a distance d 
or 2x (nearly equal to 2f) in front of the object-stand and the 
reading (B) corresponding to the index of this stand is noted. 

(vii) The position of the screen is now adjusted indepen- 
dently for three times to form a very sharp image on the screen 
and in each case the reading (C) of the index of the screen- 
stand is noted. The mean of these three readings, i.e. mean (C) 
gives the position of the image. 

The apparent object distance is, из =(B~A) while the ap- 
parent image distance is given by, vi =(C~B). The corrected 
values of the object and image distances are obtained by adding 
algebraically the values of ^, (the index error for object distance) 
and ^ (the index error for image distance) to и, and v, res- 
Thus we get, corrected u=(u;+,), while corrected 


pectively. 


yz (у: +). 
(viii) The Jens-stand is then shifted and kept fixed at 6 more 


independent positions, three towards the object side (in which u 
will be less than 2f) while three towards the screen side (in 
which и will be greater than 2f).; At each fixed position of the 
lens the screen position is adjusted independently for three 
times to cast a sharp image on the screen. The positions of the 
screen are noted from the bench scale and the mean of these 


i 


xAnother method of finding approximately the focal length of the 
lens is to put the illuminated eross-wire (object) and the screen at the two 
extreme ends of the bench and then to bring the lens close to the screen 
until a sharp image is formed on the screen. The distance z of the screen 
from the lens is approximately the focal length of the lens and hence the 
starting object distance should be 22. 

t If the values of the nearly equal object and image distances are each 


20 cm. then shift the lens by 2 cm. If those equal distances are each equal 
30 em. nearly, then shift the lens by 3 cm. 
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three different positions of the screen (C) is found out for each 
positions of the lens. In each of the six positions of the lens, 
the apparent object distance is uı= (B~A) while the apparent 
image distance is vi— (C—B) are determined from which tlie 
corrected values of и and v are found out as is indicated in (vii). 

(ix) These corrected values of и and v are plotted on a 
graph paper with и along the x-axis, while v along the y-axis, 
the representations along both the axes are equal. Now a 
straight line is drawn from the origin by making an angle of 
45° with the co-ordinate axes. The ordinate or the abscissa of 
the cutting point of this straight line with the (u—v) curve is 
found out and half of this ordinate or abscissa with negative 
sign is the focal length of the lens with its sign. 

When this focal length (in cm.) with its sign is put in the 
relation (2) we get the power of the lens in dioptre. 


Experimental data : 
(A). Thickness (t) of lens (equi-convex) by slide callipers :— 
ТАВІЕ 1 


[Make a table for slide callipers as given in Expt. 10, Part I 
and take at least 4 observations. | 


(B). Index errors А, and As for u and v respectively :— 


TABLE П 


| 


Diff. of bench-scale reading 


in cm. when the two ends of Index error in 


Length of index rod touch the, cm, for 
index rod 
oU) lens and centre} | ui 
ОЁ cross-wire ed and the u is, \,* v is, Ag" 
cH) creen (da) |=(1+4/2)—d,|=(1+112)—ds 
—————— 
Di =(...)=(..) |4s59(-)-(.) | MPG) Mm (..) 
ст, cm =..сш -64)2 -(.)= 
+..сш. +...cm. 


ж In the case of a thin equi-conwex lens, the distances are measured from 
optical centre which is situated at a distance of 1/2 from the surface. 
1/2 should be added. For thick lens, the distances are measured from 
principal points which are situated at distances ¢/3 from surfaces, 
in that case ¢/3 should be added. 


Hence 


Hence 


No. of Obs. 


LIGHT 


(С). (u—v) records :— 


Positions 
in cm. of 


| 


lens 


screen 


(с) 


TABLE Ш 


Apparent 
distances 
in cm. of, 


Corrected 
distances 
in cm. of, 


fin cm. from graph 
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(D). Drawing of (u—v) graph :— 


A graph, connecting и and v is drawn with the following 
sample data as is shown in Fig. 5, 


ee 


Corrected u—| 227 | 25:4 Au 31:4 | 347 | 374 | 41/3 
| | 
» v| 539 431 | 38 | 32|299 |җә81| 26 
| 
56 гт z ЕЩ 
Hi 1 П (и-ъ)|сигуе 
50 EEE Ht E FER н 
H п ї Ви T 
| | + m [i Т. 
: 44 ЕСЕ - FEEERG 
3 Н ЕЕЕ КЕКЕ H 
иа ti П 
S EH H FHH 
$ HHHH j ЕЕЕ 
L п i 
38 HHE 5 : d 4 Er 
© EHH EEEEEEHEH EREEREER- 
> put Иш! Hi ЕЕ B 
R H ГИ ЕП | ш 
Жо шшщщ 
32 ЕРГЕ aun 
ш LE T j 
ki H | : ЕЗЕН 
> i 211-1 M 
ES s m 
26 і 2-р. - © 
ЕЕН 
. 20 1 
20 26 32 38 44 50 
QBJECT DISTANCE (LU) IN CM. —- 
Fig. 5 


From the above data, lowest values of и and v are taken 
and then-a round number, even lower than the lowest of the 
values of и and v (here, 20) is selected as the origins for both 
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и and v. Here и and v should respectively be 

x-and y-axes. Next the highest aie S odi rem v 
taken from the given data and a round number even greater 
than the highest of the values of и and у (here, 56) is found out 
The difference between this highest round number (viz. 56) ani 
the value at the origin (viz, 20) should be divided amongst the 
number of divisions of graph paper (which must be taken equal 
along both axes) available along an axis. After plotting eae 
points, a smooth curve is drawn, which is the required (u—v} 
curve. Now a straight line is drawn from the origin at an an 16 
of 45° with the axes cutting the curve at a point P, the aedi 
nates of which (here, 32-2, 32/2) will be 2f and half of this 
value (here, 16:1) will be the numerical value of the focal 


length. 


N.B. [There are two other graphical methods of finding f :— 
1. Taking the same value, as the origins for и and v and the same 
scale of representations along the two axes the lengths of z-axis and 


y-axis are measured off equal to the values of u and v respectively 


which are obtained in the 
first pair of data. These 
two points on the two ахев, 
when joined, we get а 
straight lino. In this way 
we get several straight 
lines for several pairs of и 
and v (Fig. 6б]. These 
straight lines intersect at 
a point (P) the co-ordinates 
of which will be equal and 
each will be numerically 
equal to f [Fig. 6]. 
This common point (P) o 

of intersection of (u—v) 

Fig. 6 


lines should lie оп the 
straight line (OPL) drawn from the origin making an angle of 45° with 


the axes But due to experimental error, these (u—v)lines never cut at а 
point. Here the mean value of the ordinates (or abscissa) of the points of 
. line with the various (u—*) lines will give the mean 


intersection of 45° 


focal length. 
9. Choosing (0 
along the two axes, 


—0) as the origin and same scale of representations 
1/и is plotted along x-axis while 1/0 is plotted along 
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y-axis. The graph would be a straight line making equal inter- 
cepts on the two axes. The reciprocal of the value of any one of 
two equal intercepts will give the focal length. For in the relation 
dbo ake ab 
stur 
the reciprocal of which is f.] 


we see that when 1-0 1 i The intercept on the x-axisis 1/w. 
v u 


Precautions: (i) To get equal distribution of points on 
both sides of 45° straight line, the starting object distance 
should be made nearly equal to 2f. Then image distances are 
to be noted for six more different object distances; three shouid 
be made greater than 2] by steps of about 2 or 3 cm. while 
the other three should be made less than 2f by the same steps. 


(ii) The object distances should be made greater than the 
focal length of the lens otherwise real image cannot be 
obtained. к. 


(iii) When the size of the lens is very large its aperture 
should be reduced by a stop to avoid the distortion in the 
image due to spherical aberration. 


(iv) The proportional error im measuring f would be 
minimum when и and v are nearly equal. Hence large difference 
between и and v should be avoided. 


(b) By using pins (without optical bench). 


Theory: [same as in case of Expt. 5 (a)]. 


Procedure: (i) The maximum thickness £ at the centre of 
the given convex lens (equi-convex) is first measured by a slide 
callipers and the value of 1/2 in cm. is found out. 


(ii) The convex lens L is then placed at a suitable height 
on a lens-holder fitted to a stand kept on the table (Fig. 7). 
Two pins P (object pin) and J (image pin) of adjustable heights 
are mounted on suitable stands and kept on the two sides of 


LIGHT 25 


the lens. The heights of the tips of these. i 

enean -pins are adjusted 
that the line joining P, О (centre of the le i E 
1 , ns) an i 
Jine parallel to the table. dress 


--2---- Q----d cocci ostro VS 


Fig. 7 
(iii) At first a preliminarly observation is to be made to 
have the starting yale of u (object distance) nearly equal to 2f. 
The object pin P is kept at one end of the long о 
table while the image pin І is kept at the opposite end of ine 
table. The stand containing the convex lens is brought close 
to the image pin 7 until the inverted real image P' of the objet 
pin P, coincides with the pin 7 and there is no parallax as 
1 and Р. The distance x of the image pin 7 from the convex 
Jens is approximately the focal length of the lens and the «taf 
value of the object distance should be made equal to 2x* / 
(iv) The object pin P is now placed at a distance 2x from 
the lens and the image pin 7 is adjusted on the other side of the 


finding approximately the focal length of the lens 
is to focus sharply the image of a distant object, such as а distant electric 
r a window bar, on а piece of white paper by moving the convex lens 
The distance x between the lens and the paper is 
llength of the lens. Thus the object distance at 


x Another method of 


lamp о: 
towards the paper. 
approximately the foca 
start should be made euqal to 2x. 
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lens until the tip of the real inverted image P' of the object P, 
coincides with the tip of the pin 7 and there is no parallax 
between J and P'. This coincidence of the pin I with the in- 
verted image P', is repeated three times and in each case the 
distance between the lens and the image pin / is measured. The 
mean of these three distances gives the apparent image distance 


vı from which the corrected image distance v is obtained from 
the relation, у= (v, 4- 1/2). 


The distance between the lens and the object pin P is mea- 
sured by a scale which gives the apparent object distance г 
The corrected object distance и is given by, u=(u,+t/2). 


(v) The operations mentioned in (iv) are repeated to get 
Six corrected image distances, for six more object distances. 
Three object distances are obtained by making the distance 
between the lens and the object pin P greater than 2x by steps 
ОЁ 2 or 3 cm. while in three other object distances (which should 
not be less than f), the distance between the lens and the object 
pin P is made less than 2x by steps of 2 or 3 cm. For each 
position of the lens, corrected и and corrected v are determined. 

(vi) Then a graph is drawn with u along the x-axis while v 
along the y-axis so that the origins of both и and v are the 
same and their representations along the axes are also equal. 


Же 


A straight line is drawn from the origin making an angle 
of 45° with the axes and half of the co-ordinates of the point 
of intersection of this straight line with the (u—v) curve, when 
taken with negative sign we get the focal length of the given 
convex lens [Fig. 5]. When this focal length (in cm.) with its 


sign is put in the relation (2) we get the power of the lens in 
dioptre. 


Experimental data : 


(A). Thickness (t) of the lens (thin equi-convex) by slide 
callipers — 


ТАВІЕ I 


[Make a table for slide callipers as given in Expt. 10, Part I 
and take at least 4 observations. | 
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(B). (u—v) records :— 


TABLE Ii 
Half the thickness of lens=1/2=......cms. 
Е Apparent distances Corrected distances : 
Q in cm. of, Mean in cm. of, 728 300 
S v, Е 
7 i а 2 from 
в | object in ст. object, — | image, = fincm 
2 (и) uu, tiene, 652 61808: dioptre 
1. m E oe ө 
EE SS 
2. E - mu ы: 
- * 
т (...) с...) 
cm. [ dioptre. 
etc. etc. etc. etc. etc. 
p 


(C). Drawing of (u—v) graph :— 
[Same as in item (D) of Expt. 5 (2)]. 

Precautions :—(i) to (iv)—[Same as those in Expt. 5( a).] 
(v) When measuring и and v, the scale should be placed 


horizontally. 
Oral Questions апа their Answers 


1—4. [Same as in Expt. 4] 
image on the screen ? 


5. When will you get à real 
When the object distance is greater than the focal length of the 
lens. Magnified real image will be obtained when the object is 


between focus and twice tho focal length, while diminished real image 
will be obtained when the object is between infinity and twice the focal 


length. 
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6 What is the power of a lens and what is its unit ? 

The reciprocal of the focal length of а lens expressed in metre and taken 
with opposite sign is the power of the lens and the unit of power is 
Dioptre. 

7. Why do you measure the thickness of the lens ? 

In the case of thin lens, distances of the object and image are 
measured from the optical centre of the lens and in the case of an equi- 
convex lens this optical centre is at the middle point of the thickness of 
the lens. If half of the thickness of the lens is added to apparent object 
and image distances и, and v; respectively, we get the correct values of 


wandv, the object and image distancas respectively as measured from 
optical centre. 


8. Is it necessary that one pair of conjugate distances should be 
nearly equal ? 


Yes ; for in that case the proportional error in f would be minimum. 


6. Determination of the focal length and hence the 
power of a convex lens by conjugate foci relation method, 


(a) By using optical bench. 


Theory: After proper consideration of the signs of the 
object distance (и) and the image distance (v) of a convex lens 
producing real image, the focal length f of the lens is given by, 

Ye e px us ES T) A 1 
f "e "PET -w 
When the numerical values of u and v (obtained by expt.) 


are put in the relation (1) we get the value of the focal length 
of convex lens with its sign. 


The power (P) of the lens can be obtained by putting the 
value of f with its sign in the relation, 


P=- 


pem dioptre n. i. T3) 


Procedure: (i) to (viii) —[Same as in the ‘Procedure? of 


Expt. 5(a).] 


(ix) The corrected numerical values of i 


e и and v, obtained from 
cach set of observation, when put in the relation (1) we get the 


foca! length f. of the given convex lens with its Sign. When 
the mean value of focal lengths obtained from different 
observations is put (with the sign of f) m the eqn. (2) we ge 
the power (P) of the lens in dioptre. 
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Experimental data : 
(A) & (B).—[Same as those in Expt. 5(a).]. 
(C). (u—v) records :— 


TABLE III 
iti i .| Apparent Corrected 
А Боз цова ааа ^ 
8 COD 9| in cm. of, in cm. of, os 
Sar шры | eats 
5l СИ ae 2 | SSR ира 
E tse fs UE LL Lm [| Bla НЕ" КЕ ж К 
ЕЕЕ &z| | zs | Во 
2181 S| S eS | ооз se П БЕ 
a sisislorlag Bu) go i 
o|2| a Ог Веј оғ |. Be i 
1 A i = (i) 
2 c m ww. | —(...) 
WEE ERIS] HOD) eC» 
etc. etc. etc. etc jetc.| etc. | etc. | etc. | etc | etc: dioptre 
—1— — = 
6F |. . . -(.-.) 
2 LE t on oon ... ө SA -(...) 
Calculations : ; 
AO EUM) Ge) Ut 


utv 
Precautions: (i), D and (iii)—[Same as (ii), (iii), and 
(iv) of ‘Precautions’ in Expt. 5(a).] 
y using pins (without optical bench). 


(b) B 

Theory : [Same as in Ше сазе of experiment 
No. 6(a).] i : 

Procedure: (0) tO (v)—[Same as in the ‘Procedure’ of 
Expt. 5 (%).]- 


(vi) The corrected numerical values ofu and v, obtained 
from each set of observation, when put in the relation (1) we 
| h fof the lens with its sign. When the 


focal lengt В 
к Кт of the focal lengths obtained from different 


[^] 
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observations is put (with the sign of f) in the equation (2) we 
get the power (P) of the lens in dioptre. 


Experimental data : 


(A). Thickness (t) of lens (thin equi-convex) by slide 
callipers :— 
TABLE I 


[Make a table for slide callipers as given in Expt. 10, Part I 
and take at least 4 observations. ] 


(B). (u—v) records :— 


TABLE II 
Half the thickness of the lens=i/2=...... cms. 
т бот 
Apparent Corrected 3 
distances in Ку distances in ы а © 
No. cm. of, Е cm. of. 2 ean| і 5 
ye EIS : eles ty е 
obs. - yi = 8 E d 17.5 jincm| вт 
object | image object= | image= 3 È ! 
(u1) (v1) uu; 4-120 =v; 4-t[2) y 1 
——' ттт 1 | 
1 | -6.) 
2 Еб 
-6-)| C.) 
etc. etc. etc. etc. etc. etc. etc. dioptre 
LU | 
Gg E uc A E 
| boc (63) 
| z 
7 E. e =(...) 
: x чл 
Calculations : f= "0 _ -( +) em. 
uto 


Precautions : 


(i) to (iv) —[Same as the items (i?) to (iv) 
of ‘Precautions’ of Е; 


Xpt. 5(a) and the item (v) of Expt. 5(b).] 
. \ 

Oral Questions and their Answers 
[ Same as in Expt. 5] 
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7. Determination of the focal length and hence the 
power of a concave lens with help of an optical bench. 


(a) By combination method : 

Theory: If two lenses of focal lengths f, and f» are put 
in contact with each other, their equivalent focal length F is 
given by, 

Th adeat 
ЖЕГУ» e wes (1) 
jf a convex lens of shorter focal length fı (higher 
converging power) be combined with a concave lens of longer 
fecal length fa (smaller diverging power): then the conbiiston 
will behave as a convex or converging lens of focal length F. 
The combination will then form real image of a real object. 
ing for the signs of the focal lengths, the equation (1) 


Correct 
may be written as, 
1 Iul 
21290019 
JI m of 
En 
or, fa Р-У, mm We. А: (9) 


Finding f; and F experimentally and putting their numerical 
quation (2), we can find f;. 


values in е A Nd. 
Using this value of fz (with sign) we can find the power 
CM c № 100 . 
of the lens from the relation, p= “Finom. dionte is (a 


Procedure: (i) The focal lengths of the convex lens (f1)) 
as well as that of the combination (F) are separately determined by 
using displacement method [Expt. 4]. By putting the numerical 
values of f, and F in (2), fe is calculated. 

(ii) When the value of је (with sign) is put іп (3) we get 


the power (P) of the given concave lens. 


Experimental data : 
(A). Index error 
in (A) of Expt- 4]. 
(B). Determination of fi of the convex lens :— 
TABLE Ц 


[Make a chart as in (B), in displacement method, Expt. 4, 
omitting the last column.] 


(a) for D :—[Make a table as indicated 


U) 
N 
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(C). Determination of Е of the combination :— 
TABLE ПІ 


[Make a chart as in (В). displacement method, Expt. 4, 
omitting the last column.] 


Calculations : 


Formula employed is, f= — D TS em. 

From Table IT— 

@ fh = nt = (09) ст. 
(ü) fi = c - = RE) cm. 
(iii) fi = s = FEI) cm. 
From Table IIi— 

(ОЕ = m = өз (С) ст. 
(ii) F = 5, = — 2) cm. 
(iii) F к= у, = E) cm. 

а c ose = + (+) ст. 

[By putting ће numerical values of fı and Е only.] 

Ec He = -(-) dioptre. 


Precautions : (i) & (ii)-—[Same as the precautions (i) and 
(ii) in Expt. 4.] 

(iii) The focal length f, of the convex lens must be shorter, 
Le. its power must he greater than that of the given concave 
lens otherwise the combination cannot behave as a convex 
lens and hence the formation of real image is impossible. 

(iv) The error in the measurement of the focal length fs 
of the concave lens will be less if it is combined with a convex 
lens of focal length fi, slightly smaller than f, so that the 


RN F of the combination may be appreciably longer 
than 7. 


„Oral Questions and their Answers 


1—10. (Same as in experiment 4.) 


11. Why do you require an. auxiliary convex lens ? 
Because, the concave lens cannot produce real image and hence 
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it should be combined with a high power convex lens (low focal length) so 
that the combination is a converging one. 

19. Can you do with a convex lens of any focal length ?—No [for 
reasons see item 11.] 

18. Why do you not employ (u— v) method for finding f ? 

For in that case, we require the thickness of the combination of 
lenses as well as the index corrections both for u and v. Неге we require 
only one index correction for D and the thickness of the lens is not required. 

(b) By using an auxiliary convex lens of any focal length : 

Theory: When a virtual object is put inside the focal 
length of a concave lens, we get a real image of that virtual 
object. This principle is employed to find the focal length of a 
concave lens by using an auxiliary convex lens of any focal 


length. 
[A \] 
l 


х шн == Q 


Fig. 8 


In Fig. 8, the convex lens B forms a real image at P of a 
real object at O, when the concave lens C is absent. Now the 
concave lens C is so placed that the distance CP is less than its 
focal length and hence the real image will be formed at 
O for the virtual object at P. Here object distance =CP= —i ; 
image distance =CQ= —v. 

Hence we have, 1 EXE SL or, f=— ee (el 

-9 -w f 0—1 
By using the relation (1), the focal length. f of the concave 


lens can be found out. 
By using this value off (withits sign) we can calculate the 


power of the lens by using the relation, 
100. 4 
—— > dioptres E ND 
VAS er ioptre . (9) 
Procedure: (i) The object screen (O) containing a 
cross-wire is placed on a definite mark at one end of an optical 


Ie t 


54 A TEXT BOOK ON PRACTICAL PHYSICS 


bench [Fig. 8]. The cross-wire is illuminated by an electric lamp 
placed behind the screen. 


(ii) A convex lens (B) is now placed on a stand between 
the object and the image screen, at a distance from the object 
screen (O) more than the focal length of the lens (B), so that a 
real image is formed on the screen. The position (P) of the 
image screen is adjusted until a sharp image is formed on the 
screen. This position of the image screen at which the sharp 
image is formed. is noted independently for three times. The 
mean of the three readings corresponding to these three positions 
of the screen gives the mean value of (P). 


(iii) The screen is then shifted by about 5 cm. from this posi- 
tion (P) to a new position (Q) which is away from the convex 
lens. The position of О is noted from the bench scale. The 
convace lens (C) is now placed on a stand between the 
convex lens and the screen and the position of the concave lens 
is adjusted until a sharp image is formed on the screen at its 
new position (Q). The position of the concave lens is adjusted 
for three times independently, and at each time its position 
is noted from the bench scale. The mean of these three 
readings gives (C). Thus we get apparent object distance 
иу= (C~P) and apparent image distance, vi — (C—Q). 

(iv) The position of the screen is then shifted away from 
ihe concave lens for two or three more times by steps of 5 cm. 
and at each time the position (Q) of the screen is noted and the 
raean of the three independent positions (C) of the concave lens 
is found out at which a sharp image is formed on the screen. 
Apparent object and image distances u, and 


vi respectively 
are also found out in each case. 


(v) The index error ^, between the concave lens and the 
screen, is determined in the usual way and then the corrected 
values of the object and image distances are respectively given 
by и= (014 X; and v=(v,+2), When the numerical values 
of u and v are put in the formula (1), we get f from each set of 
observations of и and у. The mean f is then found out. 

When this mean value of f (with its sign) is put in eqn. (2) 
we get the power of the lens in dioptre. 
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Experimental data : 
(A)» Index error (х), between the concave lens and the 


“screen ;— 


TABLE I 


Diff. of bench-scale readings 


Length of | i2 cm. when the two Index error 
z б ends of 
index E index rod touch the TONS =х=(@-4) 
in cm. (7) lens and screen (4). ЖО: 
ЖАНЕ бле R= (0) = (00) 
1=...сп. а= (...)—(...)=...сш. pod 


(В). (u—v) records :— 
TABLE Ii 
(pa x Apparent Corrected 
$8 g Pontio g | distances | distances in | 8 
m | g|inem:oh| 9 | inicm. lof; cm. of, 518916 
n |a B a с o o n 
OBS е PRIZE АЕ ; 
FEES 88] оаа) = = ЕУ PE 
о) ie 2 v > 
388 БЕРБЕ або $6) EE | Ez лз Е 
= a >= > è 
MERRIER БЕ = |Зат oy |n | 
jo Ee ENS Š SEEN НЫ 
1 49°1 
8+ (...) | (13'1)+ 
1. |a1:241:1| 36 | 49 |493| 8 | 131 =... | Go) eee 
Y 41'1 49:2 | 
pt ШЕП == ЖИ) 
ir 
КОЛЛ Өт. E (oe) heed 
icm. | dio- 
ptre 
1 Lats HERI non 
ES PDAS s ES aes — E 
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Calculation : 


Formula employed is, j= 2., [Ри numerical values of 
u and v] \ т 
СОЮ е ran. 
на em. | 
(Hy) f=... “=... om. | 
(у) P= ELE = Es = (5) = — (---) dioptres. 


mean f in em. 


Procedure: (i) The image due to the concave lens 
should be focussed on the screen by shifting the position of 
the concave lens and not by moving the screen, otherwise the 
focussed condition of the image will not change within an 
'appreciable range of the movement of the screen. 


(ii) For greater accuracy in measurement, the focal length 
of the convex lens employed should not differ from that of the 
concave lens by a very large extent. 


Oral Questions and their Answers 


1—4. [Same as in Expt. 4] 

5. What is the purpose of taking an auxiliary convex lens ? 

A concave lens cannot produce a real image of a real object but the 
real’ image produced by the convex lens, here serves as the virtual! 
object to the concave lens and because this virtual object is kept within* 
the focal length of the concave lens, we get the real image of this, 


virtual object. 4 


6. What will happen if the convex lens forms its real image beyond the 
focal length of the concave lens ? 


In that case the image,due to the concave lens will be virtual and cannot 
be hold on the screen. 


7, Can you do with a convex lens of any focal length ?— — yes. 
8, Where would you place the object of the convex lens ? f 


Outside the focal length of the convex lens so that the convex lens may 
-form a real image. 
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8. Determination of the focal length of a concave 
mirror by coincidence method. 


(a) By using optical bench. 


Apparatus : (1) A concave mirror M, fitted to an adjustable 
stand S, (2) an optical bench and (3) a pin О of adjustable 
height. 

Theory: The relation between the object distance (u), the 
real image distance (v), radius of curvature (r) and the focal 
length (f) of a concave mirror is given by, 


ПТО А! 

j v CEA bcd od o (1) 

When u=r, it is evident from eqn. (1) that v—r and f 
-r/2. Thus, if by adjusting the position of an object, it is made 
to coincide with its own real inverted image (by avoiding 
parallax between the obicct and the image), then this object 
distance will be equal to the radius of curvature (r) of the 
mirror. Half of this radius of curvature, ie. r/2 will be the 


focal length of the mirror. 


Procedure: (i) The concave mirror (M) and the pin (O) 
are mounted on the two stands of an optical bench and they are 
brought very close to each other. The height of the pin is 


шшщщ 


Fig.9 
d the vole (P) of the mirror are at 


ts tip (O) an : 
t from the bench [Fig. 9]. 


adjusted until i 
the same heigh 
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(ii) The index error (X) between the pin and the mirror is. 
determined in the usual way (see Art. 1). 


(iii) The pin (O) is then gradually moved away from the- 
mirror until an inverted image (O") of nearly the same size as. 
the object, is seen when looked from a distance. This time a 
small adjustment of the height of the pin may be necessary to- 
make its tip just touch the tip of its inverted image. · The 
position of the pin is now altered very slowly until there is no» 


parallax between the tip of the pin (O) and the tip of its. 
inverted image (O"). 


(iv) The readings Rı and Rə сї the benchescale corres- 
ponding to the index mark at the bases of the mirror-stand and’ 
the pin-stand respectively are noted. The apparent radius of 
curvature of the mirror is thus given by ri — (Ri —R»). 


(v) The operations (iii) and (iv) are repeated for at least 
five times and in each case r, is found out and then the meam 
value of rı is determined. The corrected radius of curvature: 


is given by, r—(ri-- л) апа half of r will give the focal length: 
of the mirror. 


Experimental data : 


(A) To find index error ©) between the mirror and the: 
pin :— 


TABLE 1 


Diff. of bench-scale readings 
Length in cm, when the two ends 
of the index of the index rod touch 


Ind i h 
rod in cm. the pole (P) Of the mirror s. POI a 
(0 and the AES (0) 
d 


1=(...) cm. d-(...)- C...) | 
«Cm, 
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(В): To find the radius of curvature r of mirror :— 


TABLE II 
Position in Apparent Focal 
cal 
No. cm. of, radius of Mean Corrected | length 
of curvature rı radiusin | in cm. 
obs. | mirror | pin in cm, is in сш. d fe 
(Qu) | (Rs) | ri (R3) t E Ер 


Precautions : (i) An attempt to make the pin (O) coincident 
with its own image should be made when the image is inverted 
(real) but not when the image is erect (virtual). 


(ii) When the aperture of the mirror is large distortion of 
the image will occur due to spherical aberration, curvature, 
etc. and for this reason parallax cannot be avoided. To 
remedy this defect, a stop should be employed to expose the 
central portion of the mirror only. 

(iii) The image should be observed from a great distance 
to detect the exact coincidence. 


(b) By using pins (without optical bench). 

Apparatus: (1) A concave mirror M, mounted on an 
adjustable stand $ and (2) a pin O, mounted on an adjustable 
stand. 

Theory: [Same as in part (a), 


Procedure : () The adjustable stands carrying the 


concave mirror (M) and the pin (O) are placed on the table 
and are brought Very close to each other. The heights of the 


of this experiment No. 8]. 
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pole (P) of the mirror and the tip (O) of the object pin are 
made same from the surface of the table [Fig. 10]. 


Fig. 10 
(ii) [Same as the operation (iij) of part (a) of this expt.] 
(Ui) The distance (r) between the pole (P) of the mirror 
and the tip (O) of the pin is measured by a scale holding hori- 


zontally between them. This gives the radius of curvature (r) 
of the mirror. 


(iv) The operations (ii) and ( ui) are repeated for at least 
five times and the value of radius of curvature (r) is determined 
in each case. The mean of these five values of r when halved 
we get the focal length f of the mirror. 


Experimental data : 


“Hit | АРЫ | mean, | Focal length ` 
U (O) in cm. 6) in cm, in cU QE 
al 
2 
4 
5 
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Precautions: (i) to (iij) — [Same as in th i 
us E s in the part (a) of this 


К iv) The distance between the pole (P) of ће mirror and the 
pin-tip O should be measured by holding the scale horizontally. 


9. Determination of the focal length of a concave 
mirror by drawing a graph between the distances of its 


conjugate foci. 


(a) By using optical bench. 
(1) A concave mirror M, fitted to an adjustable 


Apparatus : 
tical bench and (3) two pins (O & I fitted to 


stand S, (2) an op 

adjustable stands. 
Theory: The focai length (f) of a concave mirror is 

related to its object distance (и) and the corresponding real 


image distance (v) by the formula, 


ii m 5e dod (1) 

By finding various values of v corresponding to various 
values of и, they should be plotted on а graph paper with и 
along x-axis and v along y-axis. The values of и and v at the 
origin must be the same and the scales of representation along 
the two axes must also be the same. The graph would be a rec- 
tangular hyperbola (Fig. 4). If a straight line be drawn from 
the origin by making an angle of 45? with the axes then it will 
сш the (u-v) curve at P whose co-ordinates will be equal to 
(2f, 2f). For the point P, u and v are equal and hence from (1) 
we see that u=v=2f. Half of the co-ordinates of P will give 


ihe focal length of the mirror. 

Procedure : (i) The concave mirror M is fitted to an adjus- 
table stand $ mounted on the optical bench [Fig. 11]. Two pins 
О and І are also mounted on two other stands mounted on the 
same bench. The heights of the pins О and I are adjusted 
until their tips are at the same height from the bench as that 


of the pole P of the mirror M [Fig. 11]: 
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(ii) The index error 2,. between the mirror M and the 
object-pin О and also the index error ^» between the mirror M 
and the image-pin I are separately determined in the usual 
way [Art. 1]. 


Fig. 11 


(iii) The object-pin О is now brought close to the mirror M 
and then it is gradually moved away from the mirror until 
a real, inverted and magnified (but not too much magnified) 
image О’ is seen when viewed from a distance. The pin I 
is then brought below the image O' and the position and height 
of the pin 7 are altered until its tip becomes coincident with the 
tip of the real image О” of the object O. This coincidence 
between J and O’ is brought about by avoiding parallax (Art. 2). 


(iv) The readings of the bench scale corresponding to the 
positions of mirror-stand (A), object-stand (B) and the image- 
stand (C) are noted with the help of index marks at the bases of 
those stands. For this particular position of the object-stand O, 
the position of the image-stand J is adjusted thrice to make it 
coincident with the image O' by avoiding parallax and in each 
case the reading (C) of the bench scale is noted. The mean value 
of (C) is then found out. The apparent object-distance is then given 
by u—(A-—B) while the apparent image distance is given by, 
у= (4-С). The corrected object-distance will be, u= (t 2,) 
while the corrected image distance will be, v= (v1-- As). 


(v) The operation (üi) and (iv) are repeated for six 
different positions of the object-pin О. Three positions 
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of О should be adjusted in such a way that it will lie 
between the mirror M and the image pin Z (when u<r) 
io get real magnified images (but not too much magnified) . 
The other three positions of O should be adjusted beyond the 
image pin Z, i.e. the image-pin 7 should now lie between the 
mirror M and the object pin О (when u>r) so that real 
diminished images (but not too much diminished) may be 


obtained. 

(iv) These values of и and у are now plotted on a graplr 
paper with и along x-axis and v along y-axis. The values 
of u and v at the origin are made the same and the scales of 
representation along both the axes are also made same 
[Fig. 5]. The smooth curve obtained by joining the points 
would be a rectangular hyperbola. If a straight line is now 
drawn from the origin by making an angle of 45° with the axes, 
then this straight line will cut the curve at P [Fig. 5], the 
co-ordinates of which will be equal. Half of the co-ordinates. 
cf P will give the value of the focal length of the mirror. 


Experimental data : 
(A). To find the index errors 4, and A, for u and v 


respectively. 
TABLE I 
Diff. of bench-scale readings 1 
in cm. when the two ends Vi in 
y 3 


Length of of index rod touch the, 


indexzrody|eemee 


in cm. 
Pole P and | Pole P and Я А 
the object pin] the image pin} 4 Qa v is, 
0 (41) 1 (ds) i-l-di | №=1-4, 
dy =(...) ae M =la) эт) 


=(...) =...сш. =...сш, =..сш 
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TABLE IL 
(B). (u—v) records :— 
Positions.in Apparent | Corrected 
cm, of, distances distances 
à incm, of, | incm. of, | g B 
S F БЫ 
es e 
Е E Den age 
£ S $s8|7m|?Gl?-. eel sok 
8a | 26 | Ba -11 їо, | p<] Sau 
Ө [әл 5 |5 et Ol et] ot | Om 
Ert uz юч Fq SD Bol У 
8 2 | 8 окнга Е 
o n о = ll otl j&i 
exe 


etc. | etc. | etc. | etc. | etc. | etc. | etc. | etc. 19 


(C). Drawing of (u—v) graph :— 
[Same as the item (D) of Expt. 5(a),] 

Precaution : (i) to (ii) —[same as in the Expt. 8(a).] 

(iv) The proportional error in measuring f would be 
‘minimum when и=у. Hence the image should not be too 
magnified or too diminished. That is the object distanccs 
-should be slightly greater and slightly smaller than r. 
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(b) By using pins (without optical bench). 


Apparatus : (1) A concave mirror M, fitted to an adjustable 
stand S. (2) two pins (О and Г) fitted to adjustable stands. 


Theory: {Same asin the part (a) of this Expt. No. 9] 


Procedure : (i) The concave mirror M is fitted to a stand 
S placed on the table [Fig. 12]. Two pins О and Z (which 
will be called as the object and image pins respectively) are also 
inounted on stands placed on the table and the tips of these 
pins are adjusted until they are at the same height from the 
table as the pole P of the mirror M. 


Fig. 12 


(ii) [Same as the operation (її) in the part (a) of this 
Expt. 9]. 

(iii) The distance (и) between the pole P of the mirror and 
the tip of the pin O is measured by a scale holding horizontally. 
This distance is the object distance u. The distance (v) between 
the pole P of the mirror and the tip of the image pin 7 is also 
measured by a scale holding horizontally. For this particular 
position of the object pin O, the position of the image pin is 
adjusted thrice to get coincidence between the image pin J and 
inverted image О” (the image of the object О, formed by reflected 
rays from the mirror M) by avoiding parallax and in each case the 
image distance v between the pole P and the tip of the image 
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pin J is measured. The mean of these three image distances (v) 
gives the exact image distance v. 


(iv) The operations (її) and (iii) are repeated for six different 


positions of the object-pin O. Three positions of O should be 
such, in which it will be situated between the mirror M and the 
image pin J (when u<r) to get real magnified images (but not 
too much magnified) while three other positions of O should 
‘be such in which the image pin J should be situated between 
the mirror M and the pin О (when ur), to get real diminished 
‘images (but not too much diminished). 


(v) [Same as the operation (vi) in the part (a) of this 
‘Expt. 9]. 


Experimental data 


(A). (u—v) records :— 


Distance in cm. between the 
No Focal length 
Of |pole P of the mirror |pole P of the mirror |Mean v fin cm. 
cobs. land the object pin O| and the image pin Z | in cm. | from graph 
(u) (v) 
| 1 e.. 
2 oe eee 
etc. etc. etc. etc. 
6 ies 
у  —Є———— 
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(B). Drawing of (u—v) curve :— 
[Same as the item (D) of Expt. 5(a)]. 
Precautions: (i) to. (iij) —[same as in the Expt. 8(a).] 
(iv) [same as in the part (a) of this Expt. 9] 
(v) The distances should be measured by holding the scale 
horizontally. 
10. Determination of the focal length of concave mirror by 


(u — v) method. 


(a) By using optical bench. 

Apparatus : [Same as those in Expt. 9(a).] 

Theory: The focal length f of a concave mirror is related 
to its object distance (и) and the corresponding real-image 
distance (v) by the formula : 


ny E) 


4 


їл 
Me ths - x 
ОРДЕ Сур, 


The relation (1) is employed in finding the focal length f 
of the mirror by finding и and v for different positions of the 
object. 


Procedure: (i) tọ (v)—[same as the operations (i) to (у) 
in the ‘procedure’ of Expt. 9(a).] 


(vi) The values of и and v obtained from each set of 
observation when put in the relation (1) we get the focal length 
f of the mirror. The mean value of f obtained from different 
observations, will give the exact value of the focal length of 


ihe mirror. 

Experimental data : 

(A). То find index errors А; arl A, for и and v res- 
pectively :— 


TABLE I 
[Same as in Expt. 9(a).] 
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(B). 


(u—v) records :— 


'TABLE II 


= а Apparent | Corrected 
Fosse in ‚ | distances | distances | g 
* g | incm.of | incm. of, | |ә | B 
v H9-|o 
No. > = с ЕУ a 
© [= |£ E £ 
of |с = = ajl z ^ ы S d S 
obs, | 5, 4 Е КИРИ Кєл ТАЕ ТЫА em Was 
[p c y П Ш [ S 
Sey] es oe id Msn Ls ас on D Ө |= 
АСЗ ЕЕЕ ЕЧЕИ a 
Ке] ‘= m ed 
3 5 E 5 |217 Вт (Bu) Bt 
T b б . 
2 ж Н v- Ma 25 
! 
etc. | etc. | etc. | etc. letc.| etc. etc. | etc. etc. etc, 
6 ^ = 
| i | 
єє ————————— ÉL 
Calculation : 
uv = wae = 
f Ham em. 
etc. etc. etc, 


Precautions: (i) to (iv) [Same as those of Expt. 9(a).] 
(b) By using pins (without optical bench). 


Apparatus: [Same as those in Expt. 9(b).] 


Theory: [Same as that in the part (a) of this Expt. 10]. 


LIGHT 49 
Procedure: (i) to (iv)—[same as the operations (i) to 
(iv) in ‘procedure’ of Expt. 9(b)]. 


(v) When the values of u and v from each set of observa- 
tion are put in the eqn. (1) we get the focal length f. The mean 
of these several values of f will be the true focal length of 


the mirror. 


Experimental data : 


Distance in cm. between the 
Focal 1 h| 
BE pole P of the pole P of the Mean 3 c дасал 
bs mirror and the | mirror and the И == ту length 
Obs. | object рїп (О), | image pin (2), incm. |in cm. 
(н) v 
1 Я | E 3 o 
2 e.. ee > 
etc. etc. etc: etc ete 
6 i5 
[О 
E | | 
Calculations : , 
uv = see = 
s = *'* om. 
utv 
etc. etc. etc. 


Precautions: (i) to (v)—[same as those in the ‘precautions’ 


of Expt. 9(5)]. 
4—P. П 
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Oral Questions and their Answers 


1. Define: (a) pole, (b) radius and centre of curvature, (c) princi- 
pal axis, (d) focus, (е) aperture of a spherical mirror. 

(а) The middle point of the mirror surface is called pole, (b) The 
radius and centre of curvature of a spherical mirror is tho radius and 
centre of that sphere of which the mirror is a part, (c) Principal axis 
of the mirror is the straight line joining its pole and centre of curvature, 
(d) Focus (F) of & spherical mirror is the position of the image (real or 
virtual) whose object is at infinity (v) The angle which the diameter of 
the outer boundary of the mirror subtsnds at its centre of curvature is а 
measure of its aperture, 

2. What kind of image is produced by a concave mirror 1 

Concava mirror produces virtual, magnified and erect image behind the 
mirror when a real object is placed within its focal length. The mirror will 
Produce real inverted magnified image batwesn its centre of curvature, 
(C) and infinity when the object is placed between 77 and C. The mirror 
will produce diminished real inverted image between F' and C when tho 
object is placed between C and ©. 

3. How would you identify a concave mirror from a plane and convex 
mirror without touching ? 

If an object is hold very close to the mirror then we shall get a virtual 
erect image which wilt be magnified for a concave mirror, diminished for 
convex mirror but equal in size for » plane mirror 

4. What do you mean by the term conjugate foci ? 

Two points are said to be conjugate foci, when an object is placed at any 
one of these two points, an image would be formed at the other point either 
by reflection or by refraction. 

5. Why do you reduce the apertura of the mirror when adjusting for 
coincidence ? 

To avoid distortion in the image due to spherical aberration 

6. What is the practical application of concave mirror ? 

To concentrate light in a limited area. 

7. Can you employ а spheromoter to find the focal length of a spherical 
mirror ? 

Yas; by measuring the radius of curvature of the mirror by sphero- 
meter and taking its half, we get the focal length of the mirror. 

8. Oan you find the focal length of a concave lens when that of a con- 
cave mirror is known ? 


Yes; Byplacinga pin in front of the concave lens, behind which 
the concave mirror is kept, the real image of the pin is made to 
coincide with it. The ofthe lens is the distance of the pin from the 
lens while the v of the lens is[r—d]; where r is the radius of the 
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mirror and d is the distance between the mirror and lens. Knowing и and 
v of the lens its / can be calculated from the formula DOMIN Hereu and 
v are both -- ve. p 
11. Determination of the focal length of a convex 
mirror with the help of a convex lens, by using optical 
bench*. 


Theory: Let C be the position of the real image of an 
«object point О, formed by a convex lens L. If now a convex 


Fig. 13 


mirror P be placed between L and C and its position is adjusted 
by trial so that C is at the centre of curvature of the mirror, 
then the convergent rays from the lens L will be incident on 
‘the mirror P normally [Fig. 13]. These normal rays on the 
mirror will be reflected’ back along the same path and will form 
an image J coincident with the object O. At this condition, 
(LC—LP) will be the radius of curvature of the mirror and 
"half of it will give its focal length f. 

Procedure: (i) The object point O (which is the tip of a 
pin), the convex lens L and another reference pin C are mount- 
ей on stands which can move by the side of the scale of an 
optical bench and their heights are adjusted so that the tips of 
О and C and also the centre of the lens L are in one straight 
line parallel to the bench. The position of C is adjusted for 
‘three times until there is no parallax between its tip and the tip 
cof the real image of the object pin O, formed by the lens L. The 


whe experiment can also be conveniently performed by moving the 
stands with the index mark on them, by the side ofa metre scale fixed at 
sone of the longer sides of the working table. 
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positions of C are noted from the bench scale and let the meam 
of these three readings be (C). The position of the lens is also- 
noted from the scale and let this reading be (L). The apparent 
distance between the lens and the reference pin is (L~C). The. 
correct value of LC is (L~C) + 4:3, where 2, is the index error 
between the lens L and the reference pin C. 

(ii) The convex mirror P is now placed on another stand: 
between L and C and its position is adjusted three times until 
the rays reflected from the mirror form an image I coincident 
with the object pin O, and having no parallax between them. 
The three positions of the mirror are noted from the scale and 
let the mean of these three readings by (P). The apparent 
distance between the lens and the mirror is (L~P) while the 
correct value of LP is (L~P) + Aa, where 2, is the index error 
between the lens and the mirror. 

(iii) The operations (i) and (ii) are repeated for 3 or 4 
different positions of the lens. 

(iv) The index errors ^ (between the lens and the refer-- 
ence pin) and ^ (between the lens and mirror) are deter- 
mined in the usual way. 


Experimental data : 


(A). To find index errors 4, and А. :— 


TABLE 1 


Diff. of bench-scale 
readings when the two Index errors in cm. 


ends of index rod touch for, 
the, " 


Q) 


lens Land lens Land the 
the reference | pole P of the LC is i 
É = , LP is 
рїп О mirror A 2(1— EER 
(d) (às) ros CUR ог) 


cm. =...сш. =...сш, 


+ - 
cm diced 6 Фа ы) М = (...)—(...) ш 
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(B). Record of the positions of lens, mirror, and reference 
pin :— 


TABLE П 


Positions in g Corrected dis- |” 
cm. of, 8 с tances іп cm. of, | E 
шш куы ples ES 
a a = |8 ЕЦЕ 
E- EN шут E-RA S g 
5 & б T. BY} Sse 
Б va o [3 SNC 
5 25 g A SEE S 
Е s-| 8 |8 СИ 
TERE Е 
E З C 


Precautions: (i) The image C due to the convex lens 
must be at an appreciable distance from the lens so that LC is 
large enough to be greater than the radius PC of the mirror. 
For this purpose, the object О should bc placed slightly beyond 
the first focus of the lens L. 

(ii) For accurate measurement, the apertures of lens an d 
mirror should be reduced by stops. 
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Oral Questions and their Answers 


1. Define focal length of: а convex mirror and state whether its sign 
ist+ve or —ve. 


A pencil or rays incident on the mirror in a direction parallel to the 
axis, after reflection will appear to diverge from a point which is called the 
focus of the mirror. The distance of this focus from the pole of the mirror 


is called focal length. The focal length of a convex mirror is —ve while. 
that of a concava mirror is +ve. 


2. Can this mirror form a real image of а real object ? 


No; the image produced is virtual, diminished, erect with respect to 
the object and is formed behind the mirror at a distance which is less than 
the focal length f of the mirror. 


8. Under what condition an object will be found to be coincidant with 
its own image formed by reflection from the mirror ? 


When the rays from the object after refraction through the lens are 
incident on the mirror normally. 


4. Why do you require an additional convex lens for your experi- 
ment? 


The centre of curvature of the mirror is situated behind the mirror. 
Hence the rays incident on the mirror will be normal to tho mirror 
(to get reflection in the same path) provided the rays are convergent and 
are going to converge at the centre of curvature of the mirror. The divergent 


rays from the object O can be made convergent by the convex lens and hence 
its requirement. 


5. Can this arrangement be employed to determine the focal length of 
the convex lens employed ? 


Yes; By measuring the distances of O and C from the lens L we get 
the object distance (u) and image distance (v) of the lens. Putting 
these values of wand v (v is here —ve) with their proper signs in the 


formula, i-i ; we can Calculate the focal length f of the lens. 


6. What are the practical applications of the convex mirror ? 


It is used as в driving mirror in motor car for its wide field of view. It 
is also used as a reflector in street lighting. 


7. How can you distinguish this mirror from plane and concave 
mirrors ? 


[See the answer of oral question 3 of Expt. 10, p. 50.] 
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8. Can you find the focal length of a concave mirror by this 


arrangement ? 
Yes ; If the concave mirror be placed beyond C, where the lens D 


produces the real image, then the object О and its image, 7 will be seen 
coincident, when C is at the centre of curvature of the concave mirror. 
Half of the distance of C from the pole of concave mirror will give the focal 


length of the concave mirror. 


12. Determination of the refractive index of the 
material of a convex lens by measuring its focal length and 
radii of curvature. 


Theory: The focal length f of alens is given by the 
formula, 
1 Land 
l= 12-2 j m M 
Here и is the refractive index of the material of the lens 
and rı and rz are the radii of curvature of its first and second 
surfaces. For a double convex lens, both f and r, are negative 
and hence the relation (1) reduces to, 


1 1 L); = LEUE 
l.(y—3) —+t— т и=1+ 
7 (u 1) 3 2: x ; or u K 5) n (2) 


By measuring ri, 7» and f, and putting their numerical 
values in (2), we can find the value of 4. 


The principle involved in the determination of f is, that if 
an object pin be placed at the first principal focus of the 
convex lens, then the emergent rays will be parallel. When 
these parallel rays fall normally on a plane mirror (on which 
the convex lens is placed) they will be reflected back in the same 
path and will form an image coincident with the object pin. 
The mean of the distances of the pin from the upper surfaces 
of the lens and the plane mirror will give the focal length of the 


Jens. 


Procedure: (i) The radii of curvature of the two surfaces 
of the Jens are measured by a spherometer and thus we get 


7, and 7». 
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(ii) In Fig. 14, the convex lens L is placed on a plane 
mirror M kept on the base B of a vertical stand S. On this 
vertical stand S, a pin P is fixed horizontally and it can be 
moved vertically up and 
down so that the line 
of movement of the tip 
T of the pin coincides 
with the principal axis of 
the lens. The height of 
the pin from the lens is 
adjusted until the tips of 
the pin and its image are 
coincident and there is 
no parallax between 
them. The heights f, 
and f» of the pin from 
the upper surfaces of the 
lens and the mirror are 
measured and the mean 
of these two heights gives 
Fig. 14 the focal length f of the 
lens. This operation is repeated for two more times and the 
mean of these three. values of f gives the focal length of the lens. 


(iii) Putting the numerical value of r, r, and f in the 
relation (2), » of the lens is calculated. 


Experimental data : 


(A). Determination of т; and r, by spherometer :— 
Value of each division of the linear scale—5— , . .mm. 
Fitch of the screw sd +++ =p=...mm. 
Number of divisions on the circular scale—N— , . 

Least count of the instrument —Lc.—p/N-...mm. 


Distance between the outer less-d—— ^7 * _ om. 
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TABLE I 
= == — 
2 5.207 When the screw =B |55 
& 57955] touches the plate, |9 $ ә g— 
e |Ё89 == We SH/S 8S Radi 
Е Оа коло ao Sot|l9ge ni; 
5 "£593 | als lo" Sa bse аз л 
5 18.5555 |wdm|ss5|9zmla8x hin tT 
o rs 8.—5-—]|9. > ох 6 D 
о роон Ow|l*s3l3L.85 сш. h 2 
9 $ogsglP?z2o5|..2|.9£5|2 v ass ; 
s а ои a5 gg 5512s! in cm, 
S |4855 | SS ISGsles |58 
я базаја | Sen Rae Pig 
Jm 
1. | First 29 \ 3 98 31 
2. | surface 
=... 
3. | of lens 
1. | Second 
2. | surface =r; 
З. | of lens 


N.B. [For finding the value of n, additional number of 
circular scale divisions rotated, see Expt. 9(a), Part I.] 
(B). Determination of F of the convex lens x — 
TABLE П 
__———— 


Height of pin in cm, from 
the upper face of Focal length MER 


"jm fom, fin cm. 


obs. lens (71) mirror (fa) 


3. 


Calculations : 


Tifo 24 
Е азл ает ое МИ 
us Len nacre) de 

Precautions: (i) To find the coincidence of the object 
pin with its real inverted image, parallax should be carefully 
avoided. 


(ii) The pin should be moved along the axis of the lens so 
that the refraction тау occur through the central part of the lens 
by which spherical and chromatic aberrations will be avoided. 


1 
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Oral Questions 2nd their Answers 


1—4 [Same as in Expt. 4. ] 
5. Define refractive index ; does its value: depend on the colour of 


light ? 
If i and r are respectively the angles of incidence and refraction of a ray 


of light of wavelength A, then for any ray, excepting the normal ray, wren 


(constant) which is defined as the refractive index of refracting medium 
with respect to the incident medium. Yes. у>» i6. p incresses as the 


wavelength of light decreases. 

6. What relation does the velocities of light bear to the refrective: 
index ? 

If У, and V are the velocities of light in the incident and refracting. 


; Y. 
dia, th =, 
medi en p v 


7. Can you perform the experiment by using a concave lens ? 
No ; for this lens cannot produce any real image and its first focus is on 


the negative side of the Jens. 

8. What is parallax and how would you avoid it ? 

If the two objects are not coincident, then the movement of oye 
will cause a relative displacement between the two objects. This is 
parallax. When there is no relative displacement between the two objects 
with the movement of eye, then parallax is avoided [ see Art. 2(a)]. 

13. Determination of the refractive index of a liquid by 


using a plane mirror and a convex lens. 


Р, Theory : If a double: 
a convex lens C of focal 
length f; be placed over 

a few drops of liquid 

placed on a plane mirror, 

P, then a plano-concave 
liquid lens of focal length 

f» is formed between the 

lower surface of the con- 

vex lens and the plane 
mirror [Fig. 15]. If F be 

М the focal length of the 
Fig.15 combination (which is 


behaving as a convex lens), then we have 1321,1 | (1) 


OL ES 


777777777. 
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Correcting for signs of Ғ and fı which are both negative- 


we get, 
ADD елы. 
INA f. gs 
T TERES 
т, =т= ыз ue 
бу: OF ИШ ЕЛҮ, (2) 


Finding f; and F experimentally by coincidence method). 
and putting their numerical values in the relation (2) we can: 
calculate 1/fẹ Again, the focal length f2 of the plano-concave: 
liquid lens is given by, 


il ANE ыру ый 
1 =-101-2) = 1) [- 729] 


(3) 


Finding r, the radius of curvature of the lower surface 
of the convex lens, by a spherometer and finding 1/f» from the 
relation (2), we can calculate и, the refractive index of the: 


А (P 
or &4-71lt- 
fa 


liquid. 
Procedure: (i) The thickness ! of thelens (thin equi- 
convex) at its centre, ie. maximum thickness is measured by 


a slide callipers and 1/2 is found out. 

(ii) The radius of curvature of one surface of the convex 
lens (which is somehow kept marked) is determined by: 
a spherometer. Thus we get r. 

(iii) The convex lens C is then placed on a plane mirror: 
M [Fig. 15] so that its particular surface, whose radius of 
curvature Was measured, may touch the mirror. A horizontal 
pointer is moved vertically up and down along the axis of the 
lens until there is no parallax between the tip of the pin and its 
own real image formed by reflection, from the plane mirror, of 
the beam of parallel rays emerging out of the lens [Fig. 14]. 
Thus the pin is at the first principal focus P, of the lens [Fig. 
15]. The distance h, of the pin P, from the upper surface of 
s is measured by a scale and half of the thickness £ of 
the lens is added to hı, when we get the focal length f; of the 
convex lens alone. This is repeated for three times and the: 


mean of these three values gives fi. 


the len 
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(iv) A few drops of liquid are now placed on the plane 
mirror and the surface of the lens, which was originally in 
contact with the mirror, is now placed over the liquid. The 
mean of the three values of the focal length F of the combina- 
tion is then determined exactly in the same way as in (iii). 
'This time the pointer and its real image will coincide at P» 
[Fig. 15] which is the first focus of the combination. 

(v) By putting the mean numerical values of F and f, in 


(2), we get 1/f.. Then by putting the values of r and 1/f, in 
(3), we can calculate и. 


Experimental data : 


(A)- Thickness 


(t) of the lens at its centre by slide 
callipers :— 


TABLE I 


[Make a table as in the case of slide callipers given in Expt. 
10, Part I and take а/ least 4 observations.] 


(B). Determination of the radius of curvature (r) of that 
surjace of the lens which is in contact with the 
TABLE II 


[Make a table as in the case of a s 
9(a) Part I.] 


mirror :— 


pherometer given in Expt. 


(C). Focal length determination :— 


TABLE Ш 
ELM НЫШЫ Dist. of the | Я 
No, |Pin from the Е осшезаи pin from the| g |Focal length 19 
of | Upper face | lensin ст. | UPPer face | %9 ОЁ compound E 
obs, | Of convex > 1 (Of compound] & ns in cm. |; 
"| lensin cm. | & | 7,=h,+=| lensin em | § | F= tls 
© 2 gd — 
(11) = (hs) E 2 = 
eres = na | Be 
15 E 
2. БА EN ДЕКА d ES HESSE) 
31 E | 
беш и ш ш Ма Ше уз йт; 
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Calculations : 


dp 
From (2) we get, 
Ea as Ыгы "agri 
Íe F-f cm. 
u=1+Č AES. Cu 


fa 


Precautions : [same as in Expt. 12.] 


i Oral Questions and their Answers 


1—4. [Same as in Expt. 4.] 
5—8. [Same аз іп Expt. 12.] 
| 9. What is the nature of the liquid lens ?—It is а plano-concave 
lens. 
10. Do you consider the focal length of the liquid concave lens greater 
or smaller than that of the convex lens ? 
Greater (or smaller diverging power) otherwiss the combination 
cannot behave as a convex lens having the first principal focus on the 


positivo side. 
‚ 11. Can you measure refractive index of any value by this 


method ? 

No, when the refractive index of the liquid is such that the focal 
lengths f and f, of the liquid concave lens and the given convex lens res- 
peotively are equal, the combination is no longer a lens and the method 
fails. If ап equiconvex lens of refractive index и (=1°5) be taken, then its 
focal length f, is equal to the radius r ofits surfaces. The maximum 


refractive index of liquid is waite =1+7=2 (for y's =, =7). 
з 
19. Can you find the refractive index of the given liquili without using 


2 spherometer ? 
Yes; by repeating the experiment with a liquid of known refractive 
index (u’), the focal length /,' of the liquid concave lens is found out, The 


radius r of the lower surface of lens is then found out from the relation 


y jue E рог r-(u—1) J's’. Hence the refractive index of the given 


liquid is given by, uie (i —1) i ог LE 


à 14. Travelling vernier microscope. 


There are various forms of travelling microscopes one of 
which is shown in Fig. 16. 
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This is an ordinary compound microscope M capable of both 
vertical and horizontal movements and its axis can also be 
"kept vertical, inclined or horizontal. Тһе microscope can slide 
salong a vertical pillar provided with a scale Sə. It can be 
clamped at any position of the pillar by a screw and by another, 
-screw a slow motion can be imparted. As the microscope moves: 
а vernier Və attached to the microscope moves over the scale. 
By this vernier (V,) and scale (S,), the vertical displacement 
-of the microscope can be obtained. 

The vertical pillar containing the microscope can slide 
vwithin a groove made on a horizontal metal base provided 


Fig. 16 
-with two levelling screws and a spirit level over the base. 
"There is another vernier V, attached to the pillar and аз the 
;pillar moves horizontally, the vernier V, moves over a horizontal 
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scale 5; on the base. Thus by this scale (51) and vernier (Vi) 
the horizontal displacement of the microscope can be obtained. 
The pillar can be kept clamped by a screw at its any position 
on the horizontal base and by another screw slow motion can 


be imparted. 

The microscope contains a cross-wire which should be 
sharply focussed by moving the eye-piece E. The microscope 
should be moved as a whole to focus an object in front of the 
objective O and adjustments are to be made so that there is no 
parallax between the cross-wire and the image of the object 


to be seen. 


15. Determination of the refractive index of a trans- 
parent substance by using a travelling vernier microscope 


(a) For a transparent liquid. 


Ly 


Theory: The 0, 
normal ray PO and 
an oblique ray PL 
, proceeding from an 
object P, placed in 
the denser medium 
of refractive index 
и, are incident on 
the surface of a 
rarer medium of H 

Fig. 17 


refractive index к, 
The emergent rays OO;, and LL, when produced backwards 


meet at Q which is the virtual image of P. Hence the object 
distance is и=ОР while the image distance is v=OQ. 


(2) RARER. 


(1) DENSER . 


For refraction at L, фу and» are the angles of incidence 
and refraction and hence, ^; sin ¢1=#2 sin фә. When viewed 
normally фу and фз are very small and hence, we may write 


шу tan фу = tt, tan фа 
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и, OPa „ОР 
Жл LOR OQ 
or, Hs te 

LU v 


Jf the rarer medium is air, (z,—1) and the denser medium 


vas the refractive index, и, then, “=! or, =”, 
ш v v 
real depth, ME 
apparent depth 
The formula (1) is employed to find the refractive index 
р of a transparent slab. 


or, “= 


Procedure: (i) At first the base of the microscope is made 
horizontal by the help of the spirit level and the two levelling 
screws. The eye-piece is then sharply focussed on the cross- 
wire and the microscope tube is fixed vertical. 


(ii) The vernier constant of the vertical scale is determined 
in the usual way. The microscope tube is raised up vertically 
and an empty beaker, containing a scratch mark (made by 
diamond point) on the inner surface of the bottom of the beaker 
is placed on a white paper kept on the horizontal metal base of 
the instrument just below the objective of the microscope. The 
microscope is then raised up and down until the scratch is 
sharply seen and there is no parallax between the image of the 
scratch and the cross-wire. For sharp focussing, the microscope 
is moved slowly by the screw provided for this purpose. ‘The 
reading of the vernier on the vertical scale is noted and this is 
repeated independently for three times and the mean of these 
three readings gives the first reading (R1). 


(iii) The microscope is raised a little and some quantity 
of liquid is poured in the beaker without disturbing its position. 
"The image of the scratch is again sharply focussed by avoiding 
parallax and the reading of the vernier on the vertical scale is 
noted and this is also repeated independently for three times. 


The mean value of these three readings is the second 
reading (Re). 


oO 
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(iv) To focus the liquid surface, some lycopodium powders 
or cork dusts are thinly scattered on the surface and the 
microscope is focussed on this powder and the mean of three 
independent readings of the vernier from the vertical scale 
gives the third reading (R;). 

(v) The real depth of the liguid is, u=(Rs~R;) while 
its apparent depth is, v—(R;—R;). Hence, the refractive 
index of the liquid is determined from the formula (1). 


(vi) The experiment is repeated for two other depths* of 
the liquid and for each depth # is calculated. Тһе mean of 
these three values of а gives the refractive index of the liquid. 


Experimental data : 
(A). Vernier constant of vertical scale :— 


Smallest division of vertical scale=...mm=...cm. 
cine v.d. =... s.d.; or, 1 v.d.—...s.d: 
-. Vernier constant (v.c.) — (1 s.d.—1 v.d.) z(..— see) = 
cm 


(B). Readings for the scratch when the beaker is empty :— 


TABLE I 


Reading in cm. of the, 
Mean R, 

Vernier Total reading in cm. 
V =(v.r.) x (v.c.) =R,=(S+V.) 


(...)х(...)=... 
(...)х(...)=... ais -€ 
(...)х(...)=... 


A А MEER. eae EID ur. i 

*The maximum depth of the liquid should not exceed the focal length 
of the microscops objective. If the focal length of the objective be 2*5," 
then the depths of the liquid should be nearly 1”, 1:5” and 9", 


5—P. II 
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(C). Readings for image and liquid surface :— 


TABLE П 
Readings for image Readings for surface 
A in cm. of in cm, of, A 
Е, SN а 
3 = Ig ©. n g П 8 Б с 
z Seo c9 [тє аера & 18 
a $ PE SX (ques |i 
4 $ Sv [8 a j= [e 
re 
-[C2x(..) 
Small c (5665) 
IR(A) 
Medi- 
AES ove m Mmm 
Big m^ 
| Lg soe | oe s.. 
E3498 01-1 E QD 


Calculation : 


li) u= ulo = e =... 
(i2) pu m eSa es 
(iii) u-c-—-.. 


(b) For transparent plate, 


Theory: [Same as in the part (a) of this Expt.] 

Procedure: — (i) Same as the o 
of the part (a) of this Expt.] 

(ii) The vernier constant of the ve 
mined in the usual way. 
it is attached to the horizont 
The objective of microscope 


perations (7) of ‘procedure’ 


і rtical scale is deter- 
A white paper with an ink mark on 
al metal base of the microscope. 
is brought very close to the ink 


LIGHT 67 


mark and the microscope tube is raised vertically until the 
ink mark is sharply focussed. The microscope tube is then 
raised or lowered slowly by the screw provided for this purpose, 
until there is no parallax between the cross-wire and the i image 
of the ink mark. The reading of the vertical scale and vernier 
is noted. This focussing and recording of the readings of the 
vertical scale are repeated thrice. The mean of these three 
independent readings gives the first reading (R;). 

(iii) The microscope is then raised a little and the trans- 
parent slab, whose refractive index is required, is placed on the 
ink mark. The image of the mark is found to be elevated and 
this image due to the slab is again sharply focussed by the 
microscope by avoiding parallax. This focussing is done indepen- 
dently for three times and in each case the readings of the vertical 
scale are noted. The mean of these three readings gives the 
second reading (Re). 


(iv) To focus the surface of the transparent slab, some 
lycopodium powders or cork dusts are thinly scattered on the . 
surface. The microscope tube is again raised-to focus these 
powders sharply. This focussing is done independently for three 
times and in each case, the readings of the vertical scale are 
noted. The mean of, these three readings gives the third 
reading (R;). 

(v) The real thickness of the slab is given by, u=(R3~R,) 
while its apparent thickness is given by, v=(Rs~R2). The 
refractive index (и) of the given solid is then calculated by the 
relation u— u/v. 

(vi) The experiment may be repeated for two other slabs of 
different thicknesses* and the mean value of u is determined, 
provided the material of these plates are same. 


Experimental data : 


(A). Vernier constant of the vertical scale x — 
[Same as that in the part (a) of this Expt.]. 


*The maximum thickness of the slab should not exceed the focal 
length of microscope objective, e.g. if the focal length of the objective 
be 2:5" then the thickness of the slab should be nearly 1" 215% 


and 2", 
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(B). Readings for the ink mark without the slab z 


TABLE І 
[Same as in part (a) of this Expt.] 


(C). Readings for the image and the surface of solid :— 


TABLE Ц 
Keadings tor Ink-mark ; 
image with slab in M DEAE 
5 cm. of. LIMES S 
= = — САС * 
a nels. 3 tale} 12 
88 vS SEa la е LS 
x &х|л+ б ERE ES BU gel PSs E 
a smn] zou |L o sols о Пр 
б И |e (2 | se) Е а БВС 
Бо -RIBI 
are ie рер ару 
Small - zi vee - ow 
QNM EXPE а senyal 
Medi-| . 
umm - М 
` 
i | 
c МЕ, | 
е ————— gu 
Calculations : 
и=и/у= б = 
etc. etc. etc. 
Precautions: (i) The microscope tube is to be kept 
vertical. К 
(ii) Lyco; 
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(iii) The parallax between the cross-wire and the image 
Should be avoided in each case. 

(iv) The greatest thickness of the liquid or solid must not 
exceed the focal length of the microscope. 

(v) A piece of white paper is to be placed underneath the 
substance to have a brighter field of view. 


Oral Questions and their Answers 


1. Why do you makea scartch on the upper face of the bottom of 
the besker ? 

In that case, real thickness of the liquid will be equal to the distance 
between the scratch and the free surface of liquid which is equal to the 
difference between third and first readings, 

2. Can you find и of liquid by giving а scratch at the lower face of the 
bottom of the beaker. 

Yes ; in that case 4 mircroscope-readings are necessary. The beaker 
should already contain the liquid and the readings R, and R, for the 
image and the liquid surface are respectively noted. Some additional liquid 
is taken in the beaker and again the readings E, and R, for the new image 
and the new liquid surface are respectively noted. Elevation of the image 
is e=(R,~R,) due to the addition of a liquid of thickness i=(R,~R,). 


‘Then, д= #/(#— е). 

3. Will you get ассигайе result, if greater thickness of liquid be 
taken ? 

Yes; for both the elevation of the image and the thickness of the 
liquid will be greater and hence the error in measurement will be less. But 
the maximum liquid thickness should not be greater than the focal length 
of the microscope-objective. 

4. Is this method suitable for a volatile liquid ? 

No; for Ње liquid-thickness will decrease during experiment, due to 
evaporation of the liquid. 

5—6. [Same as Expt. 12.) 

7. ‘What is the nature of the objective and the eye-piece of microscope 
and what type of image is produced by each ? 

The microscope objective is a convex lens of short focal length and it 
produces real, magnified and inverted image. The eye-piece is also a convex 
Jens of focal length comparatively longer than that of the objective and 
produces virtual, magnified and erect image at the least distance of 
distinct vision. Thus the final image is virtual and inverted with respect 


to original objsct. 
8. [Same as in Expt. 12] 
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9. Can this method be employed to find the refractive index of a 
transparent solid ?_ Yes ; [see part (b) of Expt. 15]. 


16. Spectrometer and its Adjustments. 

Description :— The table spectrometer which is commonly 
employed in the laboratory is shown in Fig. 18 and has the 
following parts :— 


(1) Prism table (P)— It is a small circular table mounted 
on a vertical stand so that it can be raised or lowered or can 


J 


Ss 


Slit width 


Fig. 18 


be clamped at any position by the screw S’. It is provided with 
three levelling screws E, F and G which are shown separately 
in Fig. 19. On the surface of the table there are straight 
lines marked parallel and perpendi- 
cular to the line joining the screws 
E and F (shown in Fig. 19). There 
are also concentric circles, the com- 
mon centre of which coincides with 
the centre of the table. The table 
can be rotated about a vertical axis 
which should coincide with the ver- 
tical axis of the instrument . The 
angle of rotation of the prism table 


А 
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can be recorded by two verniers V, and V2, which can rotate 
with the table over a circular scale (graduated in half degrees). 
The table can be fixed by a screw Fə and a smaller rotation 
can be imparted to it by a tangent screw Ts. 


(i) Collimator (C)— This is a horizontal tube at one end 
of which there is a convex lens О» while at the other end there 
is an adjustable narrow slit S which can be taken in or out-of 
the tube by rack and pinion arrangement Rs [magnified 
arrangement of slit is shown separately in the side figure]. 
The axis of the collimator should be perpendicular to the 
vertical axis about which the prism table can ratate. The colli- 
mator can be tilted by screws c and d below it. 

(iii) Telescope (T)— It is a small astronomical telescope 
provided with a compound eye-piece and a cross-wire.. The 
axis of the telescope should also be horizontal and perpendicular 
to the vertical axis of rotation of the prism table. Yt can be 
rotated about the vertical axis of the instrument and the angle 
of rotation can be recorded with the help of two verniers V, and 
V2, from a scale (graduated in half degrees) which moves with 
the rotation of the telescope. For recording the readings of the 
scale, these two verniers are kept at 180° apart. The telescope 
can also be tilted by screws a and b. The whole apparatus is 
supported on a base, provided with three levelling screws Sı, Ss 
and $;. The telescope can be fixed by the screw F, while a 
slow motion can be imparted to it by a tangent screw 7}. 

Adjustments: The following adjustments are necessary to 
work with the spectrometer :— 

(a) The axis of the instrument should be made vertical, by 
making it to coincide with the vertical axis of rotation of the 
prism table. 

(b) The axes of the telescope and the collimator should be 
made horizontal and perpendicular to the axis of the instrument. 

(c) The refracting faces of the prism should be made verti- 
cal ie. parallel to the axis of rotation of the ge 

(d) The telescope and the collimator should be adjusted for 


parallel rays. 
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(a) & (b) —Levelling of telescope and collimator : 


(i) A spirit level is placed above the telescope tube T and 
the length of the telescopé tube is made parallel to the line 
joining the two base screws Sı and Se and kept by the side 
of the screw S, The bubble of the spirit level is brought at 


the centre by turning the base screw Sə only, which is on the side 
of the telescope. 


(ii) The telescope is now rotated by 180° so that it now 
comes to the side of the other base screw 5;. The bubble is now 
brought at the centre, half by rotating the screw Sı and half by 
tilting the telescope tube by the screws a and b. 


(iii) The telescope is again brought towards the side of the 
screw S» and the operation (i) is repeated. Ву rotating the tele- 
scope by 180°, it is again brought to the side of the screw Sı 
and the operation (ii) is repeated. Tf the operations (i) and (ji) 
are repeated several times alternately, then the bubble will 
remain at the centre for both the positions of the telescope. 


(iv) The telescope is then brought parallel to the third 
screw S; which is on the perpendicular drawn to the line joining 
the screws Sə and Sı. Now this third screw Ss is alone altered, 
once only, until the bubble comes at the centre, When there is 
no third screw, then for this position of the telescope the two 
Screws S2 and S, are to be adjusted equally to bring the bubble 
at the centre. At this time, the bubble will remain at the centre 
for all positions of the telescope. Thus the axis of the telescope 
is now horizontal and the axis about which it rotates is made 
vertical, 

. (v) The slit is 
1mage of the slit is o 
the slit is not at the 


now illuminated by sodium light and the 
bserved by the telescope. If the image of 


a middle of the field, the screws c and d below 
the collimator are to 


be adjusted to bring the image at the centre 
of the field. : 
_ Now the axes of both the telescope and collimator become 
horizontal and the axis of t 


: he instrument about which the teles- 
cope and the prism table rotate becomes vertical. 
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(c)—Levelling of prism table : 


(i) By spirit level :—For this adjustment, the spirit level 
is placed at the centre of prism table with its length parallel to 
EF [Fig. 19], the line joining the two screws E and F. The 
two screws are then adjusted equally in the opposite directions 
to bring the bubble at the centre. The spirit level (placed at 
the centre of the table) is then brought perpendicular to the line 
EF and the third screw G is alone adjusted to bring the bubble 
at the centre. Thus the prism table is now horizontal. If the 
Ћонот face of the prism, which is placed on the prism table, is 
perpendicular to its three edges, then by this adjustment alone, 
the refracting faces of the prism would be vertical. But actually 
slight difference may remain which may be eliminated by optical 
levelling as described below. 


(ii) By optical method :—The slit is illuminated by sodium 
light and the telescope is turned so that its axis makes an angle 
of about 90° with the axis of the collimator. The prism is now 
placed on the prism table in such a way that the centre of the 
prism may coincide with that of the prism table and one of the 
faces (say the face BC) of the prism ABC becomes perpendi- 
cular to the line joining the twe screws E and F attached to the 
prism table [Fig. 19]. The prism table is then rotated until the 
light reflected from this face BC of the prism enters the telescope. 
If the image of the slit is not at the centre of the field of the 
telescope, the screws E and F are turned equally in the opposite 
directions to bring the image at the centre of the field. The 
prism table is then rotated until the light reflected from the other 
face of the prism enters the telescope. This time only the third 
«crew G is rotated to bring the image at the middle region of the 


field. 
Now the refracting faces of the prism become vertical and 
parallel to the axis of rotation of the telescope. 


(a)—Schuster’s method of focussing the telescope and 


collimator for parallel rays : 


The best method of focussing the telescope and the 
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collimator for parallel rays within the dark room is by Schuster's 
method. 


(2) The telescope is directed towards a white surface or 
towards an electric lamp and the cross-wire is Sharply focussed 
by moving the focussing lens in or out. 


(ii) The slit is illuminated by sodium light, and the prism 
table, on which the prism is placed with its centre coinciding 
with the centre of the table, is rotated until one of the refracting 
faces of the prism (AB) [Fig. 22] is directed towards the 
collimator. On looking through the other face (AC) of the 
prism and towards its base, the image of the slit formed by the 
prism will be seen by the naked eye. The prism table is then 
rotated in a proper direction until this image of the slit, as seen 
by the naked eye, approaches as near to the direct path of the 
rays from the collimator as possible. The telescope is now brought 
to this position of the eye to receive the image. This is the 
approximate position of minimum deviation and at this position 
of the prism, the image of the slit will go away from the direct 
patk of the rays in whatever direction the prism table is rotated. 
Now the telescope is slightly rotated from this position, in a 
direction away from the direct path of rays,"so that the deviation 
of the rays entering the telescope will now be greater than 
minimum. For this position of the telescope, the image of the 
slit can be obtained within the telescope for two positions of the 
prism. In one position, the angle of incidence on the prism 
will be greater than that for minimum deviation and is known 
as the Slanting position. In another position of the prism 
(obtained by rotating the prism table in a direction opposite to 
the former position), the angle of incidence on the prism will be 
less than that for minimum deviation and is known as the Normal 
position. 

(iii) The prism is now taken to the slanting position to bring 
the image within the telescope, and the eye-piece of the telescope 


is adjusted by rack and pinion arrangement until the image is 
sharply focussed by the telescope. This time the image is very 


narrow. 
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(iv) The prism is taken to the normal position to bring the 
image within the telescope, and the position of the slit is adjusted 
by rack and pinion arrangement until the image is very sharp. 
This time the image is very wide. 


Again the operation (iii) and then the operation (iv) are 
repeated in order and if such repetitions are made several times, 
then the image will remain sharp for both positions of the prism. 
The telescope and the collimator are now adjusted for parallel 


rays. 


Theory of Schuster’s method of Focussing :— 

For a small pencil of rays incident on a prism, the relation 
between the object distance и and the image distance v is 
given by, 

cos? er Ё ~ 
=ч у Бае xu (СЇ 
“cos ricos? r a 
Here, i & r=angles of incidence and refraction at the first 


face, and уу & i,—angles of incidence and emergence at the 
second face [see Art. 3. 19 ; Text Book On Light]. 


Operation I 


Fig. 20(a) 


When the prism is brought to the position ABC of minimum 
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deviation, [Fig. 20(a)] i—i, and r=r,. 
(1) that v=x. 
[Fig. 20 (a)]. 


Here it evident from 
Thus the object and image distances are equal 


Operation II 


Fig. 20(0) 
When the prism is rotated to the position ABC [Fig. 20(b) ] 
to make i>i, (Slanting position of the prism), 


2. E 
cos S (Sos rd 


; and hence from (i) we get, v>u. Thus the 
cos” у Neos? т, 


image is formed at a longer distance from the prism [Fig. 20(5)]. 
1f the telescope is focussed for this image, thcn it remains focussed 
for a longer distance. 


Operation III 


Р. 


Fig. 20(c) 


When the prism is rotated to the position ABC [Fig. 20(c)] 
to make 7<i, (Normal position of the prism), 
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2; FE 
A E and hence from (1) we get v<u [Fig. 20(с)]. 
Thus the image is formed nearer to the prism and consequently 
this image becomes out-focussed by the telescope which was pre- 
viously focussed for the distant image at the slanting position 
of prism. If now the slit of the collimator is adjusted so that 
the image may again be sharply seen by the previously adjusted 
telescope, then by such adjustment of the slit, the image will be 
taken at a longer distance. 


If now the operations If and IIT are alternately continued, 
then at each normal position of the prism the image is taken at 
a longer distance (by the adjustment of the position of the slit) 
to have the image clearly seen by the telescope already focussed 
for longer distance, while at the next slanting position of the 
prism, the telescope is adjusted to focus the image which is formed 
at the still more distant position. Thus the telescope will be 
gradually focussed for longer and longer distances until after a 
few repetitions of the above two operations alternately, the teles- 
cope will be focussed for infinity. The telescope and the 
collimator are now adjusted for parallel rays. : 


17. To determine the refractive index of a thick Prism 
by a Spectrometer. 


Theory : —If Dm be the minimum deviation ofa monochro- 
matic ray of light refracted through the principal section of a 
prism of refracting angle A, then the refractive index of the 
material of the prism with respect to the surrounding air is 


given by, 


"Pug p 5 a = (1) 
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The principle employed to measure A is, that when 
parallel rays from a 
collimator [Fig. 21] 

are reflected from 
Tw: the two faces AB 
and AC of the 
prism, the angle 
| between these two 
reflected rays will 
be double the angle 
А of the prism. For, 
as the reflecting 
surface goes from 


AB to AC position 
by rotating by an 


SOURCE 
* 


COLLIMATOR 


angle A, the re- 
flected ray must 
rotate by an angle 
2A. By measuring 
A and D, we can 
^ find x from (1). 


2 and the telescope 
[see ‘adjustments (а) & (b)? of Art. Po DAI Th prism 


table is also levelled by a spirit level to make its upper surface 
horizontal and if the bottom face of the prism is perpendi- 
cular to its edges, then the refracting faces of the prism will 
be vertical when it is placed on the prism table [see 'adjustment 
(с) G)' of Art. 16, p. 73]. 


(ii) An asbestos ring soaked with common salt solution in 
water is held in the non-luminous part of a Bunsen flame, when 
the colour of the flame becomes golden yellow. The brightest 
part of this flame is held at a distance of about 6” or 7” from 
the slit which is made narrow and vertical. 


LIGHT 79 


(iii) The cross-wire in the eye-piece of the telescope is 
sharply focussed by moving the focussing lens in or out. The 
prism table is further levelled by optical method so that the 
refracting faces of the prism, when placed on the table, may be 
exactly vertical [see ‘adjustment (c) (її)? of Art. 16, p. 73]. Then 
the telescope and the collimator are focussed for parallel rays by 
Schuster's method [see ‘adjustment (d)’ of Art. 16, p. 73]. 


(iv) To find the angle А of the prism, at first the vernier 
constant of both the verniers is determined and the prism is 
placed on the prism table so that its edge A coincides with the 
centre of the table. The prism is placed in such a way that the 
vertical plane through the axis of the collimator will cut the base 
BC nearly normally [Fig. 21]. Parallel rays from the collimator 
now fall on both the faces AB and AC of the prism and 
after reflection, form images which can be seen by looking 
towards those faces. The image formed by reflection from the 
face AB of the prism is first seen by an unaided eye and then 
the telescope is taken to the position (71) of the eye to receive 
the image. The telescope is then moved slowly by the tangent 
screw until the centre of the cross-wire coincides with one edge 
(say right edge) of the slit image. The readings of both the 
verniers are noted and this is repeated for three independent 
settings of the telescope. The mean value of these three readings 
corresponding to each vernier is determined. 


Next the reflected image formed by the reflection of rays, 
from the other face AC of the prism is first received by the 
unaided eye and then by the telescope taken at the position Ту. 
The entire operation, as in the case of first reflected image, is 
repeated by coinciding the centre of the cross-wire with the same 
edge of the slit image. Again the mean value of the three Teadings 
corresponding to each vernier 1s determined. 

(v) The difference between the two mean readings of a ver- 
nier for the two positions of the telescope, (T; and T») is deter- 
mined separately for the two verniers and the mean of these two 
differences when halved, gives us the angle A of the prism. 

(vi) To find the minimum deviation D,, the prism is placed 
on the prism table with one of its faces (AB) directed towards 
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the collimator and the centre of the prism coinciding with 

the centre of the table [Fig. 22]. On looking through the other 

face (AC) of the prism 

and towards its base BC, 

we shall see the refrac- 

COLLIMATOR ted image of the slit. 

The prism table is then 

rotated in a proper direc- 

tion until this refracted 

image (as seen by the 

eye) approaches as near 

to the direct course of 

the rays (shown by dot- 

TABLE ted line) from the colli- 

mator, as possible. This 

position of the prism is 

its minimum position. 

The telescope is now 

brought to the position 

ofthe eye (position 7, 

of Fig. 22) to make the 

T2 centre of the cross-wire 

coincident with one edge 

Fig. 22 (say right edge) of the 

slit image. The prism table is then rotated a bit by the tangent 

Screw to displace the image by a very small amount in the 

direction of its decreasing deviation. The telescope is next 

rotated by the tangent screw attached to it so that the centre of 

the cross-wire may again coincide with the same edge of the slit 

image. These slow adjustments of the prism table and teles- 

cope are to be continued until the i image just begins to turn back. 

At this time, the readings of both the verniers are noted for 

three different settings of the telescope for minimum deviation. 

The mean of the three readings corresponding to each vernier is 
determined. 

(vii) The prism is now withdrawn and the direct light 

is received by the telescope (at the position T, of Fig. 22). 


SOURCE 
* 
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The centre of the cross-wire is made coincident with the same 
edge of the slit image as before and three readings are noted 
from each vernier for three independent settings of the telescope 
for direct rays. The mean of the three readings corresponding 
to each vernier is again found out. 

(viii) The difference between the mean readings for the 
minimum deviated rays and direct rays is determined separately 
for each vernier and the mean of these two differences gives the 
minimum deviation Dm. Knowing A and Dm, и can be calculated 
from the relation (1). 

Experimental data : 

(А). Vernier constant of both verniers : — 

Smallest circular scale division— (14) *. 

30 vernier divisions 29 scale divisions. 

; E 29 ТЕ 

Уегпіег constant=(1 = 30) © dum 35 s.d. I 2 =1'. 

(B). To find A :— 

TABLE Í 
[ Numerical figures given in the table are for 
illustrations only ]. 


Readings for Readings for 
first image, second image, 
of, q 


Difference |Mean 


Vernier number 
Scale 
(S) 


272°25' 
272°26' 


32° | 13' 132°13' [360— 
14' |32914, (R1 7 R3) 


15 [32°15 -11948 | 


272°27' 


| 272°26'=R, 
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(C). To find D,, .— 
TABLE И 


[Numerical figures given in the table are for illustrations only]. 


Readings for the Readings for the 
minimum deviation, direct rays, Б 
S of, of, 5 
8 8 
= > 
z & S SF 
H u Е 
Sjo Ke | © El .— (Жем 4e a Ee 
5| 82 52 a зе Бы т [3| 8 
S| a > d Б 3 a i 
Ё | é à 
280°30 | 10 | 280°40 |$] 328*20' | 4' | 328934 ce 
m J ү | (Ri ~R) 
Е så 1r | 280°41 |S]. 5’ | 328°35'| in 
[2] 2 592 | 4754 
| 12', 280°42/ © 5 | 328°35'| & 
8 Es & (Ra ~Ra) 
[2] | | : i =... 
LIUM UE ЗАВЕРЕ 


Calculations : 


„ (e) 4 (s. 
24 ы aint M 22) 
(p= rary e zx 

sind sin 3 


Precautions: (i) Some times the zero of the circular scale 
is crossed by the zero of the vernier when the vernier moves from 
one position to another. In this case the angle turned through is 
4360—(differences of the two vernier readings) | as is shown in 
Table I with the first vernier. 


(ii) There should not be any parallax between the cross- 
wire and the slit image. 
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(iii) The vertical cross-wire or better the centre of the 
cross-wire should be made coincident with the same edge of slit 
image. 


18. To draw a curve connecting the angle of incidence 
and the deviation of a ray through the prism with the help 
of a spectrometer and hence to find the minimum deviation 
and refractive index of prism. 


Theory: Let агау РО be inci- 
| dent at an angle і on the principal 
section ABC of a thick prism [Fig.23]. 
A part of this ray will be reflected 
along QR while the rest wil be 
refracted along QS and will then 
emerge along ST. The ZTOL, 
between the deviated ray ST and the 
direct ray POL, gives the deviation D 
of the ray. If the angle between the 
reflected xay QR and the direct ray 
PQL, viz. /RQL, be measured, then T i 


the angle of incidence PEE е нош Fig. 23 


р The deviation D will 
1 vary with the angle of inci- 
| dence. ifa graph be drawn 
| / by plotting D against i 
A then we shall get a curve as 
| ps 8 shown in Fig. 24. At а 
particular angle of inci- 
Н dence ig, the deviation will 
Dm assume a minimum value D, 
which can be obtained from 
Fig. 24 graph. If the angle A of 
the prism be known then by knowing Dn, from the (i—D) curve, 
the refractive index и of the material of the prism can be found 
out from the relation, 
_ sin (4 + Dy)/2 
лш Аа v Ee) 


а 
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Procedure: (i) The slit of the spectrometer is illuminated 
by sodium light and it (spectrometer) is levelled and focussed for 
parallel rays by Schuster’s method [for details, see adjustments 
(a), (b), (c) and (d) of Art. 16 опр. 72 & 73]. The vernier 
constants of both the verniers are determined. 


(ii) The prism table can be made fixed or free to the scale 


SOURCE 
* 


COLLIMATOR 


Fig. 25 


or vernier by making the screw S' [see Fig. 18] tight or loose 
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respectively. In this case, the screw should be made loose so that 
the prism table and hence the prism on it, can be rotated without 
any rotation of the scale or vernier. The rotation of the scale 
or vernier can then be effected by the rotation of the telescope 
only. 

The telescope is brought in line with the collimator (to the 
position To) and by giving a slow motion to the telescope (by the 
tangent screw) the centre of the cross-wire is made coincident 
with one edge (say right edge) of the direct image of the slit. The 
readings (Ro) of both the verniers are noted [Fig. 25]. 

(iii) The prism is now placed on the prism table with one 
of its faces (say the face AB) directed towards the collimator and 
the centre of the prism coinciding with that of the table (Fig. 25). 
By turning the prism-table, the prism is brought to an approximate 
position (position 4BC) of minimum deviation [for details of this 
adjustment, see operation (vi) of procedure of Expt. 17 on p. 79]. 
The telescope is then turned (to the position 71) to receive this 
approximately minimum deviated light and by its slow movement 
the centre of the cross-wire is made coincident with one edge (say 
right edge) of the refracted image. The readings (R1) of both 
the verniers are noted. ‘Thus the deviation of the ray is given 
by, D= (Ri~Ro) = 

(iv) The reflected image is first seen by the naked eye and 
then the telescope is taken to the position of the eye (position T» 
of Fig. 25) to receive the reflected image. The telescope is slowly * 
shifted by the tangent screw until the centre of the cross-wire 
coincides with the same edge (right edge) of the reflected 
The readings (Re) of both verniers are noted. The 


angle of incidence for the ray is given by, і =180 Gi al 


image. 


From operations (ii) to (iv) we can get the approximate 
valuc of minimum deviation (D) and its corresponding angle of 
incidence (i). — — 

(v) The telescope is now brought back to the former posi- 
iion (position Ti) at which the deviation was approximately 
minimum. From this position (position Tı), it is now shifted 
to another position (position 7%) towards the base of the prism 
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by about 2°. By this, the deviation will now be greater than 
the former approximate minimum deviation by about 2?. The 
prism is now rotated in a direction so that its edge А goes to- 
wards the telescope (the А,В,С, position), by which the angle 
of incidence will now be greater than the former value. This 
rotation of the prism table will be continued until one edge (say 
tight edge) of the refracted image coincides with the centre of 
the cross-wire. The readings of both the verniers are noted by 
which the deviation (D) of this refracted ray can be found out. 
(vi) The reflected image is first seen by the naked eye and 
then the telescope is taken to the position of eye to receive the 
reflected image. The Position of the telescope is then adjusted 
slowly until the centre of the CrOss-wire coincides with the 
same edge of the reflected image as before. The readings of 
the two verniers are noted from which the angle of incidence 
(i) for this reflected ray can be found out. 


(vii) The telescope is now taken back to its former position 
(position Тз) until the centre of the cross-wire coincides with 
one edge (say right edge) of the refracted image. 

The prism is now taken to another position (position 45B,C 25) 
by rotating it in a direction in which its edge A moves to- 
wards the collimator (by which the angle of incidence will be 
less than that at ABC position of the prism) until the same edge 

of the refracted image coincides with the centre of the cross-wire. 


(viii) The reflected image for this Position 
(position 42BsCo) is again received by rotating 
towards the collimator and its position is slowly 
the centre of the cross-wire coincides with one e 
edge) of the reflected image. The readings of Ъ 
are noted from which the angle of incidence for 
the prism can be found out. 


of the prism 
the telescope 
adjusted until 
dge (say right 
oth the verniers 
this position of 


By performing operations (v) to (vill) we get two 
incidence for a particular deviation. which is 
approximate minimum deviation by about 2°, 


angles of 
greater than the 


(ix) "The entire operations from (v) to (viii) are to be repeated 
by shifting the telescope towards the base of the Prism (by 
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which the deviation increases) to two more different positions 
(positions T4 and Ts) which are respectively 4° and 6° away from 
the approximate minimum deviation position. 

Thus we get six angles of incidence for three different devia- 
tions which are successively greater than the approximate mini- 
mum deviation by about 2°, 4° and 6°. 

(x) If Ro, Ri and Rə are the readings of the vernier for 
direct, refracted and reflected rays respectively, then the devia- 
tion is given by, D=(Ri~Ro) while the angle of incidence is 


given by, ЕВО (Ry~ Во) 
2 


(xi) By plotting D against i, a graph is drawn from Which 
the minimum diviation D,, is found out. If the value of A is 
known then и сап also be calculated by (1). 

Experimental data : 

(A). Vernier constant аеіегтіпайоп :— 


Smallest circular scale division— (...) ° 
.scale divisions. 


TABLE Í 
[ Numerical figures given in ihe table are for 
illustrations only ]. 
_ —————{ 


Vernier Readings of, 
number 
1 
Scale | Vernier| Total- К, | Mean 
(S) | () | -(S*V) | Re 
| 
354°30' 11° | 354°41’ 
Ist 10 354°40' 354?4]' 
| 12’ 354942' 
1 
| 
174*30' 15' 174°45' 
ond |... | 17 | wear | 174945, 
| 18 17443 
ЕЦЕ 


(С). Deviation (D)—incident angle (i) record :— 
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are taken as the round numbers for i and D respectively, which 
are higher than their highest values in data). 

For each quantity (i or D) the diiference between its selected 
highest round number and the number at the origin is distributed 
equally amongst the number of divisions available on the axis 
along which that particular quantity js plotted. 

After plotting the points, they are joined by a smooth curve. 
For a particular point P on the curve, the ordinate, i.e. devia- 
tion becomes minimum. The values of the ordinate and abscissa 
for this point P are found out from the graph which respectively 
give minimum deviation (Dm) and the corresponding angle of 
incidence (i,) for which the deviation is minimum. If the angle 
A of the prism is given or measured (see item B, Expt. no. 17) 
then the refractive index (4) of the material of the prism can be 
calculated from the relation 
‚= sin (А+ D,M9. 

sin 4/2 

Precautions : [Same as in the previous experiment No. 17]. 

19. Determination of the refractive index of a thin 
prism by normal incidence, 

Theory: If a ray РО is incident normally on the face AB 
of a thin prism of refracting angle 4 [Fig. 27] then this ray 
will only be refracted at the second face AC at R, making the 
angles of incidence and refraction as r and i respectively. 


3 


D 


Hence for refraction at R, we have, и. — in 4_sin (D * 7) 
sin 7 sin 7 
Tt is evident from figure that 
i=(D+r), where D= ZSRL, 
the angle between the direct 
ray PORL and the emergent 
ray RS. Also from the 
geometry of the figure r=A. 
SOND EA) 20) 
sin A 
When A is very small, i is 
also small and hence, we 
may write, 
DEAT UD (д) 


Bu 


е. 
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If the angle of the prism is small (less than 5°), the formula 
(2) is employed to find (4) otherwise formula (1) will have to 


be employed. 


Procedure: (i) The slit of the spectrometer is illuminated 

by sodium light and is levelled and focussed for parallel rays by 
ы Schuster’s method. [See adjustments (a), (b), (c) and (d) of 
Art. 16 and p. 72-73]. 

(ii) The vernier constants of both the verniers are deter- 
mined so that the position of the prism table or that of the teles- 
cope can be noted with respect to both the verniers. 

(iii) Direct light is received by the telescope and by its 

the centre of the cross-wire is made coincident 


slow motion, 
SOURCE 
* 


7 


Fig. 98 


with one edge (say right edge) ot the image. The rea du 
the vernier (only first vernier will do) is guest Let it bes m 
i The telescope is then rotated exactly by 90°, so that che weeding 
of the vernier (first vernier) is noW either (x+90°) or («- 90°). 
This time, the axes of the collimator and the telescope are at 


right angles to each other. 
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(iv) The thin prism is then placed on the prism table so 
that the faces and edge of the prism are vertical and the centre 
of the prism coincides with the centre of the table. The prism 
table is then rotated until the light reflected from one face of 
the prism (say, the face АВ) enters the telescope T [Fig. 28]. 
Three independent readings of both the verniers are noted when 
the centre of the cross-wire is made to coincide with one edge 
(say right edge) of this reflected image by slowly moving the 
prism table with the help of the tangent screw. The mean of 
these three readings (К; say) is determined for each vernier. 


(v) The prism table is now rotated until the light reflected 
from the other face of the prism (say, the face AC) enters the 
fixed telescope at T. The prism table is then slowly rotated 
by the tangent screw until the centre of the cross-wire coincides 
with the same edge (say right edge) of this second reflected 
image as in the case of the first image. The readings of both 
the verniers are noted thrice. The mean of these three readings 
(Re say) is determined for each vernier. It is evident from 
Fig. 28 that the angle A of the prism is [180* — (Rs—R)], 
depending on the direction of rotation of the prism table. 


This angle А is determined for each vernier and their mean is 
taken. 


(vi) The prism table is next TO 
an angle of 45° [with reference to 
direction so that the new reading 
(Rz+45°) or (Ro— 45°). 
mator will be incident 


tated from this position by 
first vernier only] in a proper 
of the prism table is either 
At this stage, the tays from the colli- 
normally on one face of the prism. 


(vii) The telescope is now shifted gradually from the 
thicker end of the prism [i.e. from the base-side (BC) of the 
prism] and is brought almost in line With the collimator. If 
two images are seen then the first image (which lies towards 
the thicker end or the base-side of the prism) is the refracted 
or deviated image while the second image (which lies towards 
the thinner end or the edge-side of the prism) is the direct 
image. [Two images will be observed only when the height 
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of the prism is small enough to allow some of the rays from the 
collimator to pass above the prism and enter the telescope.] 


The telescope is shifted gradually from the thicker end of 
the prism and the centre of the cross-wire is made coincident 
with one edge (say right edge) of the first image (i.e. the image 
existing towards the thicker end of the prism). This image is 
the refracted image and the readings of both the verniers are 
noted thrice. 


From this position the telescope is slowly shifted towards 
the thinner end of the prism to receive the second image, which 
is the direct image. The readings of both the verniers are noted 
thrice when the centre of the cross-wire coincides with one 
edge (say right edge) of the image. The difference between the 
two readings, corresponding to the first and second image, is 
determined for each vernier. The mean of these two differences, 
gives the deviation D of the ray incident normally on the first 


face of the prism. 


If now the prism is withdrawn, the centre of the cross-wire 
which was already made coincident with one edge of the second 
image will still remain coincident with the same edge of the 
direct image. This proves that the second image is the direct 
image. 

(viii) In the case, where the height of the prism, placed on 
the prism table, is sufficient to intercept all the rays from the 
collimator, then only the refracted image will be obtained. As 
before [operation (vii)], the readings of both the verniers, are 
noted thrice when this image is received by telescope. The 
prism is then withdrawn and the readings of both the verniers 
are again noted thrice when the telescope receives the direct 
image. The difference between the deviated and direct readings 
js determined for each vernier and the mean of these two 
differences gives the deviation D of the ray. 


(ix) Knowing the deviation D and the angle A of the 


prism и can be calculated. 
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Experimental data : 


(A). Vernier constant determination :— 


уа 5а 
lv. а.=...=. d. 
усулан а =. Тє. d.—... 


(B). To find 4:— 
Direct R for 1st vernier =; = (148*30^) + (1^) =148°31’, 
Telescope kept at— (х 90°) = (148*31— 907) =58°31”. 


TABLE I lit 


[ Numerical figures given in the table are for 
illustrations only ]. 


3 4 Readings for s d 
-Q | Readings for first posi- ng coor 
х ras position of prism- 
8 tion of prism-table of, table of, 8 І Е 
5 ge lial s 
E g [tn š c Б US RS 
С CES EL E сов о IR с z 3 Š 
яго БЫ S S ROJER] < s A Ed des 
9 Om IHS) ot 9 р рая сн © a = 
Pla E A > o NN SS 
Cer A pur 
|р 10’ [35?40" re 210° 23" | 210923 Af [BicRs = 
" 
EDI As seed 24 Е 
i 5" 2 i7 
1..4) 8 25' 25 | = p eas 
1 
ШЕ” quic s ы АНИ 
rj R, FRI 
8. & | 
8 | їй es 
a Д | i | 


(C). To find D :— 


Prism table reading when the Tays from the collimator are 
teflected from the face AC of the prism, and enter the telescope 
placed normal to the collimator rays is, R2=210°24’, 


Prism table set at=(Ro+45°)=(210°24'4. 45°) =255°24", 
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TABLE И 
[Numerical figures in the table are for illustrations only]. 


" с 
н Readings for deviated Readings for direct 2 
Е image of, image ot, S 
1 Е > | 
3 © ] 
Е а РЕ | 
i A 1 а 
D 3 = = PT 
ajes lio 45 |s| 22 len AS Je] 8 
596152) B+ | 8] 55 [ES| £+ |5) $ 
pla | E rese pare Y BR |5 2 
1 a i 
348° | 7 | 348°7 | ш; |345°30/ | 1’ |345°31' |o] 
ы 1 IJR ~R 
E заро 1 ор ео си 
jm =, | fo | 20577 
| 3 9 
| oO 


D 2°37" 157. _ 


Calculations: w=1+—=1+ 14:197 


у DIr 
Precautions : [Same as in Expt. No. 17] 


Oral Questions for spectrometer experiments 
and their answers 


1. Define the terms: (a) edge and principal section of a prism. 
(b) face, bas» and angle of a prism. 

For the answer of (a), ses Art. 3°12 of ‘A Toxt Book on Light, 
by the author (b) Ths two surfaces of the prism which are required 
for incidence and emergence of a r&y of light are called the refracting 
faces of the prism while the third face of the prism is called the baso of 


the prism. The angle included between the two refracting faces is called 


the angle of the prism. 

2, How does the deviation of ray vary with its angle of 
incidence ? 

The deviation becomes minimum at a particular angle of incidence, but 
it always increases when the angle of incidence is either greater or smaller 


than that at which the deviation becomes minimum. 
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3. How does the deviation change with the colour of incident light ? 

Deviation is greater for violet than for rad light. 

4. What is the condition for obtaining minimum deviation ? 

The deviation of ray would be minimum, when its angles ot incidence 
and emergence are equal. 

5. Whatis monochromatic light? Do you consider the sodium light 
strictly monochromatic ? 

Light of a particular wavelength is called monochromatic light, Sodium 
light is not monochromatic i for it contains light of two wave-lengths of 
values 5890 A and 5896 A. 

6. Can you expect an emergent ray, for any inoidsnt ray on the prism ? 

No: fora prism of definite angle, thero is a certain ranges of the angles 
of incidence within which emergent rays are possible. 

". How does the deviation of a тау vary with the change of the angle 
of the prism ? 

Deviation increases with the increase of the angle of the prism., 

8. Why do you take sodium light and not white light to find the 
refractive index of a prism ? 

Sodium light gives a single image of the slit and a single value of 
minimum deviation while white light gives a spectrum and the value of 
minimum deviation is different for light of different colours, 

9. What is the necessity of levelling the spectrometer ? 

Otherwise the position of the image will be different for different 
Positions of the telescope. 


10. Why concentric circles and straight lines are marked on the 
prism table ? 

Straight lines are required for optical levelling of the prism table 
во that the faces of the prism may be vertical. Circles are required 
to make the centre of the prism coincident with that of the prism table. 

11. Why the telescope and the collimator are adjusted for parallel rays? 

When the incident rays are either divergent or convergent, the 
distance of the image formed by the prism will be different for 
different -positions of the prism (for the an 
with the change of the position of the pris 
remain focussed for one Position of the pris: 
another position of the prism. 
the object and the image of th 
once focussed for the image wil 


gle of incidence will change 
m), Hence the image will 
m but will go out of focus for 
If the incident rays are parallel, then both 
ө prism will be at infinity and the telescope 


1 remain so for every position of the prism. 
19. Why different Procedures are ado: 


pted to measure the angles of 
thick and thin prisms ? 


The angle 0 between tho rays reflected 


à from the two faces of a 
prism of angle 4, is 24, For thick prism, 


A is large and hence 9 is 
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alsolarge. Thus for greater accuracy, the telescope is rotated to measure 
0 and A becomes equal to 6/2. For thin prism, A is very small and for 
greater accuracy, the prism table is rotated by an angle 0 to bring the rays 
reflected from the two faces of the prism into a fixed telescope and A 
becomes equal to (180 ~ 0). 

13. Why do you record the readings of the two verniers ? 

To avoid the error arising out of the non-coincidence of the centre of 
the circular scale with the axis of rotation of the telescope. 

14. In measuring А of thick prism why the ейде of tho prism is placed 
at the centre of the table ? i 

By such placing of the prism, the error in the measurement of А would 
be minimum when the incident rays are not perfectly parallel. 

16. To measure the minimum deviation of а ray by a thick prism, why 
the centres of the prism and the prism-table are kept coincident ? 

In that case a full pencil of light coming from the collimator, will be 
incident on the prism and the image would be bright. 

16. When taking the readings, why the centre of the cross-wire is made 
coincident with one edge of the image ? 

As the images of the both the cross-wire and the slit have certain width, 
the centre of the cross-wire should be made coincident, with one edge of 
the slit image (say right edge) to have greater accuracy in the recording of 
scale readings. 

17. What do you mean by dispersion and dispersive power? (See Art. 
8°7 of ‘A Text Book on Light’ by the author.) 

18. What will happen yhen two prisms are combined ? 

(a) Two prisms can be combined to have (i) dispersion but no 
deviation, (ii) deviation but no dispersion [see Art. 8.19, of ‘A Text 
Book on Light’ by the author]. (b) When two prisms are combined 
with their angles in the same direction, the resultant deviation and 
dispersion will be greater than those produced by a single prism. 
(c) Two identical prisms can be combined with their angles in the opposite 
direction to annual both dispersion and deviation. The combination 
behaves as a plate. 

19. What kind of image is produced by the telescope ? 

The telescope produces a virtual image at infinity. Tho objective of the 
telescope produces real diminished image while the eye-piece produces a 
virtual magnified image. 


20, What is the necessity of avoiding parallax between the images of 
the cross-wire and the slit ? 

Otherwise coincidence of the image of the cross-wire with that of the 
slit will change with the movement of the eye and asa result error in the 
recording of the readings will be introduced. 


7—р. п 
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20. Determination of the refractive index of a prism 
(a) by finding the minimum deviation of a ray through it 
from its (1— D) curve and (b) by measuring the angle of 
the prism, with the help of some pins. 


Apparatus: Apparatus required for this purpose are,-— 
(1) a prism, (2) a drawing board with a paper fixed on it, (3) 
some pins and (4) an instrument box. 


Theory: . The minimum deviation (D,) of a ray through 
a prism and the angle (А) of the prism are related to the 
refractive index (и) of the material of the prism by the relation, 


_sin (A+D,,)/2 ek! Ке 5 (1) 
sin A/2 i : | 


The deviation D of a ray through a prism changes with the angle 
of incidence i of the ray. If the deviation (D) of different rays, 
incident at different angles (i) on a prism, be plotted on a graph 
paper, with the values of i along x-axis and their corresponding 
values of D along y-axis then the graph would be of the nature 
as shown in Fig. 26. The minimum value of the ordinate 
obtained from this curve would be the minimum deviation 
Dm of the prism. 


Again, if the reflected rays (E,F, & MiN) corresponding 
to two parallel incident rays (C,D, & К.Г.) on the two faces! 
(AB & AC) of the prism be respectively drawn, then the angle 
LF,0i!Ni) between these two reflected rays will be double 
the angle (А) of the prism [Fig. 30]. 


For, when the reflecting surface goes from one face (АВ) 
of the prism to its another face (AC) by rotating by an angle A, 
the reflected rays must rotate by an angle 24. Half of this 
angle of rotation (/ Е, O,N:) of the reflected beam will give A. 


Procedure for Experiment (a), i. e. to find D 


mí 
(i) On the sheet of white paper, fixed on a wooden board, 


seven outlines of the given prism are drawn at seven different 


places (seven figures, instead of one figure, are drawn to avoid 
cumbrousness in a single figure). 
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(ii) Near the middle point О of the line AB of each of 
the seven outlines (АВС) of the prism, straight line РО is drawn 
making with AB an angle ranging from 25° in the first figure 
{shown in Fig. 29] to 55° in the seventh figure [not shown in the 
figure], so that the angle between PQ and AB increases by steps 
of 5° from one figure to the next. The angle of incidence will 
‘thus vary from 65° (—90—25) in the first figure to. 350 
(=90— 55) in the seventh figure. 


(iii) The prism is now 
placed on its first outline ABC 
[Fig. 29] and two pins P and 
P, are fixed on the line PO 
‘so that the pin Р, is very 
close to the surface AB, while 
the pin P is at a distance from 
AB. Two other pins R (very 
close to the surface AC) and 
R, (at a distance from AC) 
are fixed on the side AC of the prism so that they are in one 
straight line with the images of the pins P and Pı. The prism is 
mow withdrawn. The pin-prick points P, P, and К, Ку on the 
paper are now joined and produced to cut at Оң. The angle 
Z L, ОЁ is measured by a protractor and this angle is the devia- 
tion D, of the ray PQ in the first figure. The angle 0, between 
PQ and AB (which has already been measured) when subtracted 
from 90° [i.e. (90*—0)] we get the angle of incidence i; of the 


тау РО in the first figure. 


Fig. 29 


(iv) The prism is now placed one after another on the 
‘second, third, etc. outline of the prism and finally on its seventh 
outline. In each case the operation (iii) is repeated. Thus 
we get (D2, in) from second figure (Ds, is) from third figure and 


soon. Finally we get (Dz, iz). 
(v) A graph is now drawn with the angle of incidence (i). 


along x-axis, while the corresponding angle of deviation (D) 
along y-axis. The graph obtained would be of the type as 
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shown in the Fig. 26. From this curve, the value of the minimum 
ordinate is found out which gives the minimum deviation D» 


Procedure for Experiment (b) i.e. to find A :— 


(i) The prism is now put on another sheet of paper, fixed 
to the board. Three outlines of the prism like ABC [Fig. 30] 
are drawn on the paper at three diflerent places. 


(ii) Three pairs of 
parallel straight lines are 
drawn, so that the first 
pair strikes the points (1, 
1) on the faces AB and 
AC of the first outline of 
the prism. The second 
and third pairs of parallel 
lines strike the points (2, 


2) and (3, 3) on the two 
faces AB and AC of the second and third outlines of the prism 


respectively. [In the Fig. 30, the second pair of parallel lines 
СО, and KiL, are shown to strike the points (2, 2) on the 
faces AB and CD of the second outline of the prism respectively]. 


Fig. 30 


(iii) Two pins Ci (at a distance from AB) and D, (very 
close to AB) are fixed on the line CiD, and two other pins 
E, (very close to AB) and F, (at a distance from AB) are fixed 
in such a way that the pins F, and E, appear to be in one straight 
line with the reflected images of C, and D; from the surface AB. 
The positions of the pin-pricks at Ci, Di, E, and Е; are marked 
and these pins are removed. When Еу and E, will be joined we 


shall get the reflected ray corresponding to the incident ray C,D; 
on the face AB. 


(iv) Two pins are now fixed at К, 
and Г. (very close to АС) on the line 
to C,D,) and two other pins аге fixed a 
and №, (at a distance from AC) until the 


(at a distance from AC) 
KiL; (which is parallel 
t M; (very close to AC) 
pins M, and N, appear 
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to be in one straight line with the reflected images of the pins Ку 
and L, from the surface AC. The positions of the pin-pricks at K ;, 
Lı, Mı and №, are marked and these pins are removed. When 
Ф, and М, will be joined, we shall get the reflected ray corres- 
ponding to the incident гау K,L; on the face AC. 


(v) The prism is now withdrawn and the reflected rays are 
drawn joining the points (Fi, E) and (Ni, №). The angle 
ZF, OiN, between these two reflected rays is measured by a 
protractor. These gives 2A for the second set of observation. with 
the parallel rays incident at points (2, 2) of the faces AB and 
AC of the second outline of the prism respectively. 


(vi) The operations (iii) to (v) are repeated with two other 
pairs of parallel straight lines meeting the points (1, 1) and (3, 
3) on the faces AB and AC of the first and third outlines of the 
prism respectively. 

The mean of these three values of 24 (obtained from three 
outlines) when halved we get 4, the angle of the prism. 


Experimental data : 


(A). Records of (à—D) data :-— 


TABLE Í 
Angle in degrees | Angle of inci Anele ОЁ Minimum 
between the DPI р ПЕСО deviation 
No. of | line PQ and the ерсе N оо | from graph 
5 surface AB. (90 — 6) (D) 1n degrees. 
E (D) 


(6°) 
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(B). Measurement of А :— 


TABLE II 


А 


е Mean angle 
Twice the D 
For parallel rays angle of pri M 2A of the 
A : prism ean SAND 
SEN falling on prism- in degrees in degrees | PSM in 
obs. | outlines at points (24) p 
A 
1 (1. 1) 
2 (2.2) 
3 (9.3) 


(C). Drawing of (i—D) curve :— 


[See item (C) in ‘Experimental data’ of Expt. 18.] 
Calculation : 
_sin (A+ Dm) _ 
sin A/2 


Precautions: (i) While tracing the reflected or refracted’ 
rays, the pins should be fixed on the paper in such a way that 
their feet become in one straight line witn the feet of the images. 


(ii) Angles less than half-a-degree are measured by pro- 
tractor by eye-estimation only. 


(iii) Care should be taken to draw lines on the two refract- 


ing faces strictly parallel [Fig. 30] otherwise the theory of measur- 
ing.4 will not hold good. 


(iv) During each of the three observations in measuring A 
the prism should not be displaced from its outline. 


Oral Questions and their Answers 


1 to 7.—[same as the questions 1—7 at the end of Experiment 19]. 
8 &9.—[same as the questions 17 & 18 at the end of Experiment 19]. 
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10. What аге the factors on which the refractive index of a prism 
depends ? 

Tho refractive index of в prism depends (i) on the material of the 
prism and (ii) on the colour of incident light. Butit is independent of 
the angle of the prism and the angle of incidence. 

11. What is the meaning of the term deviation of the ray of light 
through a Prism? What factors influence the minimum deviation of a 
ray through the prism ? 

The angle between the incident ray and the emergent ray of the prism 
is called ‘the deviation of the ray through the prism’. The minimum 
deviation of в ray through the prism depends on the colour of the incident 
light and on tho material of the prism. 


21. Measurement of the width of a narrow slit by pro- 
ducing diffraction bands with a light of known wavelength. 


Apparatus: (i) A spectrometer, (i7) an adjustable narrow 
slit, (iii) telescope with a metre scale, (iv) a small mirror and (v) 
a source of monochromatic light. 


a 


Theory: If a parallel beam of light of wave-length ^ is 
incident normally on the surface of a narrow slit (АВ) of width 


ө 


ед 


Fig. 31 


a, [Fig. 31], then the angular interval (0) between any two 


Ф 
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successive dark bands (either towards right or towards left of 
central bright band) is given by the relation, 
а sin 0—2 
or, a-4A[0 ES c (1) 
As 0 is very small, 0 radian is put for sin 6. To measure 


such’ small values of 0, a telescope (Tı) and a scale (S) arrange- 
ment is employed [Fig. 31 (a)]. The telescope T; is employed to 


Is 


PRISM-TABLE 


COLLIMATOR 8 
з 
o 
m 


Fig. 31 (a) 


focus the image of the scale S, formed behind the plane mirror 
M, fixed vertically over the telescope-tube (T) of spectrometer. 
The scale $ is clamped horizontally at a distance D from the 
mirror M. If d be the difference of the scale readings (as seen 
by the telescope T:) when the cross-wire of the spectrometer 
telescope (T) coincides with two successive dark bands then the 
angle 0 between two successive dark bands is given by, е =d/2D. 
Hence the relation (1) reduces to, 

a—2DMd  ., po^ (2) 
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The relation (2) may be employed to find the breadth a of 
the slit. 


Procedure: (i) The spectrometer is levelled and adjusted 
for parallel rays by. illuminating the slit by sodium light [see 
adjustments (a), (b), (с) and (d) of Art. 16, p. 72-73]. The 
slit of collimator is made vertical. ) 

(i) The cross-wire of the spectrometer-telescope (T) is 
sharply focussed by its eye-piece. The telescope (T) is rotated 
to receive the direct rays from the collimator and one of its cross- 
wire is made parallel to the slit of collimator. 


(iii) The frame containing the narrow slit is placed on the 
. prism-table so that the base of the frame may remain coinciding 
with one of the diameters of the table and the slit may remain 
vertical at the centre of the table. This slit is made parallel to 
the cross-wire of the telescope (T) by adjusting the screw below 
the prism-table. The prism-table is now rotated until the parallel 
rays from the collimator fall on the surface of the slit normally. 
{This should be done by eye-estimation, for due to the roughness 
of the surface of the slit, it cannot be placed normal to the rays by 
optical method as was done in the case of a thin prism (see opera- 
tions (iii), (iv) and (vi) of Expt. 19)]. The sodium light is now 
removed and the slit is illuminated by the given monochromatic 
wn wave-length [usually light from an electric lamp 


light of kno 4 : lamg 
js made to pass through a red filter and is then allowed to illumi- 


nate the collimator slit]. 


(iv) The telescope T; is now placed at distance (D) [D is 
пеайу 200 cm.] from the mirror M fixed (by wax, say) vertically 
on the barrel of the telescope T. The scale 5 (illuminated by а 
Татр) is placed horizontally near the telescope Т, and the positions 
of Т: and also of its eye-piece are adjusted until the image of the 
scale S, formed behind the mirror M, is sharply seen by the teles- 
cope T, and there is no parallax between the scale-image and the 


cross-wire ОЁ Ts. 


106 А TEXT-BOOK ON PRACTICAL PHYSICS 


(v) The position of the source of light, the width of S 
llimator slit as well as the width of the given slit (whose 
b: iun is to be measured) are adjusted until the diffraction dark 
ae are well-defined on both sides of the central bright band 
and equal number of dark bands are very distinct on both sides 
of the central bright band. 


(vi) The point of intersectio 
cope (7) is then made to coincid 


(vii) The above Process of noting 


g he order number of 
dark bands and the corresponding readings (R") of the scale § 


)] is repeated by starting 

from extreme tight and ending in the extreme left, 
(viii) The mean (R) of the two readings [ie. R= (R'--R* 

/2] for each dark band (one reading is obtained when Proceeding 
from left towards right while another reading is Obtained when 
Proceeding from right towards left) is found Out. 'The difference 
of the mean scale readings between SN 
found out from which the deffe 


rence of scale readi 
consecutive dark bands [i.e.d 


=x/5 (or x/6)] is 

(ix) The distance D between the mirror (M) and the scale ` 
(5) is measured thrice by a scale and its mean Value is found out. 
Knowing the values of ^, d and D, ће width a of the slit can be 
obtained from the relation (2). 


ngs for any two 
found out, 
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Experimental data : 
Wave-length of the given light=2 = * 107° em. 
Distance between the scale S and the mirror M is, 


E TOE 
т =ош... 


Уй ы 96 Readings of the scale (S) | &— ` 
43) Sau in cm. as observed thro- | б\д В 
БЕ чав. |uéhthe telescope (71) 955 deslg 
о! колега раа о а я. Е 
s Poy? ню. Оз ЗО 
BT LS scan ВЕ 
B$ ose 2 А БЕКЕ sS 
£8 230 (32. Ez. [fnt Ses |is5l2 
Бе Zee auam Sero Бы Sie 
gu) SEE Hac area SAEN en Iz 
он ШЕЕ Bae |e aS 0 
3] O88 ee з 
2 = cu ыу „== МЫЛ, аң 
1 4 =R; 
Roo Rise 
1 
2 3 eR; 
3 2 tü =R, 
4 1 sv. n (ҮҮ; 
5 0 (central А a ы. Ка Вэ 
bright band) 
6 1 -Re 
" Rage Rg = 
7 2 MER 
8 3 . . =Ra 
Ro- R=. 
9 4 =R, ; 
1 


Calculations : 
dc 2D) w ao - 
i = "UC om. 
Precautions : (1) Dark bands will be clearly seen when th 
intensity ot light illuminating the collimator-slit is greater and nie 
position of the source is properly adjusted. For this purpo: Um 
electric lamp with a red filter may be employed or the light Eus 
the sodium flame should be concentrated by a convex lens on e 


collimator-slit. 
(ii) Tf one surface of the plate containing narrow slit is 


highly polished, then the rays should be made normal to the slit 
by optical method otherwise by eye-estimation only. 
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(iii) Angle between the successive diffraction dark bands 
only should be measured, otherwise the formula employed will 
not hold good. > 

(iv) The collimator-slit, the given narrow slit and the verti- 
cal cross-wire of the spectrometer-telescope should all be made 
vertical and in one straight line. 


(v) The distance between the scale (S) and the mirror (M) 
should be kept large, otherwise sin 0 cannot be taken as 6. 

(vi) The light from red filter is not strictly monochromatic. 
Its wave-length iles within the range of 6000 4 to 6500 4. 


Hence for calculation of a, à may be taken as 6300? A, The 


accurate method of finding a is to find first the value of А 
by measuring a by microscope and then to find other values of a 
with that known value of 2. 


Oral Questions and their Answers 


1. What do you mean by diffraction of light ? How does it differ from 
interference ? Is the phenomenon of diffraction consistent with the 
principle of rectilinear propagation of light ? 

The phenomenon of the bending of light waves round the sharp edge 
of an opaque obstacle is known as diffraction of light. Diffraction is a 
special kind of interference in which the Secondary waves coming from the 
same wave front interfere and produce alternately bright and dark bands, 
while interference is a phenomenon in which two primary waves from two 
coherent sources superpose and produce alternately bright and dark bands. 
The phenomenon of diffraction is not consistent with the Principle of 
rectilinear propagation of light. 

2. What is the effect of widening the slit 2 

The angle of diffraction for a given order of da: 


tk band depends 
on the width of the slit. 


Hence if the width of the slit be increased more 


and more, the angle of diffraction will decrease and ultimately the bands 
disappear, but we get diffraction at the two edges of the rectangular 
‘aperture, 

3. What is the distinction bet: 


3 h ween the Fresnel and Fraunhofer classes 
of diffraction ? 


In Fresnel diffraction phenomena, the source and 
tion are very close to the diffraction obstacle, 
phenomena, both the source and the point 
distance from the diffraction obstacle. 

4. What happens when the incident light is white 
monochromatic ? 

The fringes will be coloured. 


the point of observa- 
whilein Fraunhofer diffraction 
of observation are at infinite 


instead of 
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5. Why do you not employ the bright bands for the measurement of 
the width of the slit ? 


For the secondary maxima will be at those points for which the path 


difference for extreme rays is nearly but noi strictly equal to odd multiples 
of NX 


21A. Determination of the radius of curvature of the 
lower surface of а plano-convex lens by using Newton's ring 
apparatus. 


Apparatus: Newton’s ring apparatus consists of a plano- 
convex lens L whose convex surface (having large radius of 
curvature) is placed in contact with a plane glass plate G [Fig.. 
32]. This lens-plate combination is enclosed in a cylindrical case 
provided with three levelling screws. The inside of the case is. 
painted black while the top of the case is open and is provided 


with а screw cap by which suitable pressure can be uniformly 
applied on the rim of the Jens. 


A plane-parallel glass 
plate P is kept above 
the top of the case by 
making an angle of 45° 
with the vertical. Light 
from a monochromatic 
source S is made parallel 
by a convex lens C and 
is made to fall on the 
glass plate P at an angle 
of 45°. These rays will 
be reflected downwards 
and will fall normally on 
the air film, enclosed 
between the glass plate G and the convex surface of the plano- 
convex lens L. Newton's rings can be viewed by а low power 
microscope M from above. 


Theory: When a parallel beam of monochromatic light of 
wave-length ^ is made incident on the wedge-shaped film of 
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air enclosed between a glass plate С and the convex surface of 
a plano-convex lens L of long focal length, each incident ray 
on the air-film will give rise to two reflected rays by reflection 
from the front and back 
surfaces of the air-film 
[Fig. 32(a)]. These two 
reflected rays will inter- 
fere (for they are cohe- 
rent) and will produce 
alternate bright and dark 
concentric rings, having 
darkness at the common 
centre. 


Fig. 82 (a) 


If Dn and Dn+s be the diameters of nth and (n+s)th bright 
‘or dark rings and г is the angle of refraction of the ray at first 
‘surface of the air-film then the wave-length a of the incident 
monochromatic light is given by, й | 


Ш Тутас? А 
= Ра De oos y oy NA) 


when the incidence is made normal to the film, the value of 
cos r becomes 1, and hence the relation (1.) reduces to, 


A rec Dan 


TS e - (9) 
= Drea” -D,* 
or, E ig se © (8) 


. . By measuring the diameters D, and D, , of nth and (n+s)th 
bright or dark rings and by knowing the wave-length 4 of the 
light employed, the radius of curvature R of the convex surface 
‘of plano-convex lens, can be determined by using the relation (3). 

Procedure 3 (i) The base of the microscope is made 
horizontal by placing a spirit level on the base and adjusting the 
levelling screws attached to the base. The axis of the microscope 
tube is made vertical and its cross-wire is sharply focussed by 


moving the focussing lens in or out. The vernier constant of the 
horizontal scale is determined. 
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(ii) Taking away the glass plate G and lens L from the case 
the upper surface of G and lower convex surface of L are cleaned 
by a cotton pad, moistened with alcohol. The centre of the upper 
face of G is anyhow marked and inserted within the case. The 
microscope is then placed above the plate P in such a way that 
this mark on G remains on the vertical axis of the microscope tube. 
By raising or lowering the microscope tube the mark on G is 
focussed. 


(iii) The lens L is now placed on the glass plate so that its 
convex surface may remain in contact with the marked point on 
G. By applying the screw cap at the mouth of the case a suitable 
pressure is applied. The sodium flame (i.e. a flame produced by 
introducing an asbestos ring, soaked with common salt solution, 
in the non-luminous part of the Bunsen flame) is placed at the 
focus of the convex lens C. The parallel rays from the lens C, 
after being reflected from the plate P, are made incident on the 
air-film (enclosed between L and G) normally. This time, on 
looking through the microscope, alternate bright and dark rings 
will be seen. The microscope tube is then slowly adjusted until 
the rings are focussed as distinctly as possible. 


(iv) The glass plate P is then adjusted, by rotating it about 
a horizontal axis until a large number of uniformly illuminated 
rings are seen. Then the position of the flame 5 with respect to 
the lens C is adjusted until a large number of rings are visible 
through the microscope. 


(v) The case containing the prism-lens combination is 
slightly adjusted until the point of intersection of the cross-wire 
coincides with the centre of the central dark ring and one of the 
cross-wires becomes perpendicular to the line of movement of the 
microscope and also tangential to the bright or dark rings. 


(vi) Counting from the first clear ring, which may be called 
as pth ring (as the first few rings are indistinct, it is difficult to 
know the order number of the first clear ring), the microscope is 
shifted towards the left until one of its cross-wires becomes 
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tangential to the remotest distinctly observed bright or dark ring. 
The ring number (counted from the first clear ring which was 
called as the pth ring) of this ring is noted, as well as the position 
- of the microscope is noted from the horizontal scale and vernier. 
The microscope is then displaced towards right and the same line 
of the cross-wires is made tangential to the next lower numbered 
ring. The readings of the horinzontal scale and vernier are again 
noted. This process of recording the ring number and the vernier 
readings of the horizontal scale is continued from one ring to the 
next, until we arrive through the centre to the extreme distinctly 
observed ring on the right whose order number is the same as was: 
first noted on the extreme left. When tabulating the positions of 
the microscope, the two readings for the opposite ends of each 
ring are entered opposite to one another in a single row. 


(vii) Another set of observations may be taken, by starting 
from the extreme right-end and ending in the extreme left-end of 
the same remotest distinctly observed ring as was employed in the 
former set. The difference of the two microscope readings corres- 
ponding to the two ends (one in the left and another in the right) 
of each ring will give the diameter of that ring. Thus from two: 
sets of observations (one starting from left and another starting 
from right), we get two values of the diameter of each ring. The: 
mean of these two values will give the diameter of the ring. 


Experimental data : 


(A). Vernier constant of the microscope employed:— 
Smallest division of the main scale = ...mm. 
Total number of vernier divisions (v.d.) =... 
v.d.=...s.d. 
1 v.d=.. .s.d. 


we (189 уа). sq. ..mm.—...cm. 


(B). Determination of the diameters (D) of rings :— 
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TABLE I 
[Specific values of s are given for illustration only] 


Readings of microscore in cm. for the, | 


E 
5 | £ @ ЖК Dub Р 
t В left end of the ring fright end of the ring c 5 
‚ 5 т = а 
g D = ^ u ^ 
= Е == |= сз ЕБ |а| а 
5 ё ы Ese m es Er uel g 
а E E EE E 
ó Б Ет | g 621—118 z 
© УЕ 9 у су дг ра 
ZA |е^ Pyle} 
v n Ктр 
| р+19] left (| 77 7 s ; smt S 
tight (r)| -- , --- me Bosh | sero З 
rt 
р+18 A себ Ed x ө" | 
etc. etc. etc. etc. | etc. etc. etc. | etc. etc. | etc. 
pl (ПГ: a dd са ЖИ 
(r) "ua ы -— a 
p (1) сю 
(е) 4 со aa 
r 


М.В. [In the firet set when obs. started from left. readings (a) were 
taken first and then the re-dings (b), while in the second set, when Obs. 
started from right, readings, (0) were taken first and then the readings. (a)) 


(C). Determination of R from the data of Table I :— 
TABLE П 
[Wave-length of given light=\=--- x 1075 om. 


! БУ 

ER ER R Ос 9 IS 

o M ob > 
a Bs = = * е fig а Jija g 
B ' f=} 
5 duin Ct = ч - н SI а [0 
2 |58 Е S о о Suc Sa | е 
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(D). Determination of R from graph :— 

Tf a curve be drawn with the square of the diameter (D?) 
of a ring as ordinate and the corresponding ring number as 
abscissa then the graph would be straight line as shown in the 

\ Fig. 32(b). Two points 
ў P, and Ps are taken on, 
this graph as far apart 
as possible. The ordinate: 


— 
-1———> 
К] 


uU i of P, is PENE = Disi 
a} 3 (say) while the ordinate! 
[26 ! of P, is P;Ni = Da" (say). 
BLA : | NiNo= s =difference of 
: E | ring numbers. Hence the: 
i iN TENAN EL d slope of this straight 
PH рю. FAI Pe20.— 5 Tine ism- P» No- Р. №, 

Ring Number —> Муй, 


Fig. 820) (з, pp een Se 
П ШЕ теша 


Б 
Finding PN; P,N, and: 


N,N, from the graph, the value of the radius of curvature is 


given by, R=m/4 r. 

Discussions : (i) As the first few rings .are indistinct, it is 
very difficult to ascertain the exact ring number of the first 
clearest ring. 


(ii) In this arrangement, the rings (which are formed in the 
air-film lying in the space between the lens and the glass plate are 
Séen after refraction through the lens and the error due to this is 
Very small if the lens employed is thin. 


(iii) When the rings are visible, in the Microscope, it may 


Sometimes be necessary to shift the lens to-and-fro and across to: 
get bright and clear bands. | 


| Oral Questions and their Answers 
1. What do you mean by the term interference of light ?— When 
waves from two sources, which зге derived from the same Source, proceed 


| 
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in the ваше direction, they on superposition produce alternately bright and 
dark bands. This phenomenon is known as interference of light. 

2. Under what condition interference would occur 7— The essential 
condition for interference is that the two interfering waves must havea 
constant yhaee relationship between them for all times and this can be 
obtained only when the two sources (which are sending waves ) are 
coherent. 

8. How interference occurs in Newton's ring ?—Here the two waves 
derived by reflection from the front and back surfaces of the air film are 
_ derived from the same wave-front and hence coherent. Thus the two 
reflected waves will produce interference. 

4, Is the central ring bright or dark? Explain. 

The central-ring with reflected light is dark due to the change of phase 
of т.Ьу reflection from the denser medium, vis., glass plate. 

5. What happens when white light is employed ?— The rings become 
coloured and а small number of rings are seen. 

6. What happens when an illuminated slit is employed instead of an 
extended source ?—Only a portion of the rings will be seen. 

7. Where the rings are formed 7— The rings are formed in the air film 
enclosed between the lens Z and the glass plate G. 

8. Is it possible to see the central ring bright ?—Yes ; when the rings 
ате seen with transmitted light, the central ring would be bright. 


^. 
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CHAPTER II 
ELECTRICITY 


22. Some electrical accessories and their uses, 
(a) Keys. 
Keys are devices by which electrical currents can be sent or 


Stopped in a circuitat will. The different types of keys which are 
commonly employed in the laboratory are shown below. 


(1) Plug key: The plan of arrangement of the key is 


Fig. 33(a) 


Fig. 33(0) 
shown in Fig. 33 (a). It is evident from the figure that when 
the plug P is inserted in the gap O between the two metal blocks 
А and B, the current can flow in the circuit. When the plug P 
Is taken out, the cu 


s : rrent at once ceases to flow due to the intro- 
duction of infinite resistance in the air gap O. 


| КК 33 (b) gives a diagrammatic connection of the key in a 
А containing а battery and а resistance. The Bap at O in 
t ОЕ the air gap О in the plug key indicated in 
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(ii) Two-way key: The actual plan of arrangement of 


Fig. 38(c) Fig 38(d) 


the key is shown in Fig. 33(c) while the method of its use in 
a circuit is shown in Fig. 33(4). "When the plug P is put in the 
gap between A and C [Fig. 33(c)], the circuit RO will be joined 
with the battery B; [Fig. 33(d)]. On the other hand, if the 
plug P is put in the gap between B and С [Fig. 33(c)], then the 
battery B» will only be joined with the circuit КО [Fig. 33(4)]. 
Binding screws are fixed to the metal blocks А, B and C. 


^ 


(iii) Four-way key; Actual body of the key is of the type 


Fig. 34(a) 


as shown in Fig. 34(a) above, while its application in a circuit 
is shown in Fig. 34(5) below. 
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If the plug P of the key is alternately inserted in the gaps. 


Fig 34(b) 


between А and О, B апа О, C and О, and D and O, then it is 
evident from Fig. 34(b) that the points a, b, c and d of a circuit. 
Will be joined to the galvanometer one after another. 


(iv) Tapping key :— Tapping key is a device by which the 


e 


Fig. 35(a) Fig. 35(b) 


circuit can be kept closed so long as the Key is kept pressed by 
, hand. As soon às the hand is removed, the circuit becomes. 
open. It is suitable where the circuit is to be closed momen- 
tarily. Fig. 35(a) is the actual plan whereas Fig. 35(b) is the 
diagrammatic plan of the tapping key. If the button B of the 


key is pressed, then the circuit Will be closed, but on releasing. 
the button B, the circuit will be open. : 
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(b) Commutators. 


Commutator is an arrangement by which the direction of 
electric current in a circuit can be reversed. Different types of 
commutators which are employed in the laboratory are shown 


below. 


(i) Plug commutator: In this commutator there are four 
blocks of metal with four binding screws 4, B, C and D on 
them.They are fixed on an ebonite plate in such way that four 
gaps are created, having one gap between two adjacent blocks. 


'The method of using the commutator is shown in Fig. 36(5) 
while its actual plan is shown in Fig. 36(a). The battery and 
other parts of the circuit in which current is not to be reversed 
are to be joined to one diagonal binding screws (say B and D), 
while the galvanometer (G) and other parts in which the current 
is c be reversed are to be connected across another diagonal 
(say A and C). It is evident from Fig. 36(b) that if the two 


с 
i wy 


Fig. 36(a) Fig. 36b) 


plugs are inserted between AB and CD, then a current will fow 
in the galv. (G) along CRGA, on the other hand, by putting the 
two plugs between AD and BC the current can be sent along 
AGRC. Thus the reversing Of current occurs in the galvano- 


meter G. ] 
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(ii) Phol’s commutator : The plan of arrangement of this 


Fig. 37(a) 


+j,- . ees 
ст C d j 
с Cs С, c 
c c 
3 


G S2 


Fig. 37(b) Fig. 37(c) 


commutator is shown in Fig. 37(a). It consists of six mercury 
cups Cy, Cz, Cs, C;, Cs and C, on an ebonite base and these 
cups аге in connection with binding screws Ву, В,, B;, B,, B; and 
B, respectively. Two diagonally opposite cups, viz., С, C; and 
©», С, are joined by two thick wires in such a way that one 
(С. Cs) is bent a little when passing over the other, to avoid any 


| 
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electrical contact between them. A rocker R, with an ebonite 
handle and six metal legs are placed in such a way that its two 
central legs L, and Г. [Fig. 37(a)] dip in the two middle cups, 
C, and C; respectively. — The side legs are slightly shorter than 
the central legs and as a result when the two front legs are put 
in contact with the two front mercury cups, the two back legs go 
cut of contact with the two back mercury cups and vice versa. 


The plan of connection is shown in the Fig. 37(b). When 
the rocker joins CC; and C5C»; the current flows in the direction 
C,C,C:GC,C:Cs, but when the rocker joins C;C, and C;C;, the 

— 
current flows in the direction Cs;C,GC;Cs. 

— 
Thus the direction of the current in the galvanometer is reversed. 

Hence the battery and other parts in which the current is 
not to be reversed are to be joined between CC; while the 
galvanometer and other parts in which the current is to be 
reversed are to be connected either between CC, or between 
'C1C;. 

By removing the cross-connections, the commutator may be 
used to join different circuits S; and 5: alternately to the battery 
circuit, as is shown in Fig. 37(c). 


(c) Variable resistances. 


(i) Sliding rheostat: Sliding rheostat is shown in Fig. 
38(a). 


Fig. 38(a) 


B2 
Fig. 38:0) Fig. 38/c) 


It consists of a coil L of bare manganin or eureka wire wound 
in a narrow spiral groove made on a porcelain cylinder R fitted 
horizontally on two frames F,, Р», at the two ends [Fig. 38(a) ]. 
The ends of the coil L are joined to the two binding screws B, 
and В» fitted to the two metal rings M on the porcelain cylinder. 
A metal rod AB is fixed over the frames F, and Fs and kept 
insulated from it. A sliding contact C can slide along AB and can 


touch different parts of the wire. There is a third binding screw 
B at one end B of AB. 


The diagrammatic connections are shown in Fig. 38(b) and 
in Fig. 38(c), where one terminal of a battery is connected to 
B; while its another terminal is connected to B through a 
galvanometer. When the Sliding contact C is moved towards the 
binding screw Ву, the resistance inserted) becomes less owing to 
a smaller length of the wire included in the circuit. The reverse 


will occur when the sliding contact C is moved towards the bind- 
ing screw Bo. 


(ii) Adjustable lamp resistance : In this arrangement [Fig. 
39], , there is a wooden 
board over which two bind- 
ing screws 4 and A, are 
fixed at one end, while two 
other binding screws D and 


D; are fixed at the other end. 
joined to a switch S by 
Switch is placed in the 
Sockets S,, $5, Ss, 


Fig. 89 
Binding screws A; and D, are 
Wires passing below the board. This 
live wire of the main. Several lamp 
etc. are also fixed on the board. These sockets 
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are joined in parallel to the two rods AB and CD by wires 
going below the board. When lamps are put in the E 
current will flow through the filaments which will offer Ee 5 
resistance. This resistance will be reduced more and more as i 
number of lamps, joined in parallel, becomes greater and greater. 
The circuit R is joined to the binding screws D and D, while the 
main is joined to 4 and A,. By making the switch on, the current 
will flow in the circuit the value of which can be noted from the 
ammeter M placed in series with the circuit. This type of Се 
resistance is employed іп battery charging and is shown in Fig a 


(Gii) Regulators or 
rotary rheostat: It is 
also a variable resis- 
tance shown in Fig. 
40. Here, the current 
enters at the base of the 
rotating arm and after 
traversing the resistance 
CA, it then goes to the 
given circuit. When the 
rotating arm is in contact 
with the point A, the S 
resistance inserted in the 
circuit is Zero, but when it is in contact with E, full resistance is 
inserted in the circuit. When the arm is in contact dn F, the 


circuit is made off. 


(d) Resistance boxes, 


An actual view of a resistance box is shown in Fig. 41 (a) 
Inside the box there are a number of double wound ete 
coils (double winding avoids the effect of self-induction), th 
two terminals of each, being soldered to two metal pieces Ame 
at the top of the box, leaving a conical air gap between the 
[Fis. 41 (b)]. The value of the resistance of a coil is nan 
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by the side of the gap. When a plug Рә is inserted in the gap, 
the resistance coil C is short-circuited and hence it is cut off from 
the circuit. If the plug Р, is taken out, then the current will be 
forced to travel through the coil C, whose resistance will then be 
inserted in the circuit. When both the plugs P, and P» are taken 
out, the current flows through C, and C» in series. Thus by 
removing a number of plugs, a number of resistance coils can be 
introduced in series in the circuit. When a gap is to be closed 


"AS 


Fig. 41(a) Fig. 41(5) 


The Tesistance coils which are all joined in Series may be 
arranged in several Parallel rows Or in the arc of a dise 
When the resistance coils are arranged in the arc of a circle. 
the resistance box is known а dial pattern resistance box. 
In this case, any resistance can be inserted in the circuit by 
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rotating an arm and putting it in contact with any stud kept on 
the box. ‘The resistance coils between any two neighbouring 
stud« are joined in series. 


(e) Standard low resistance. 


In this arrangement [Fig. 42], the ends of a very low resis- 
tance are connected to the two binding screws C, C known as 
current leads through which 
a current will enter and 
leave the resistance. Two 
definite points А and B of EE — 
the low resistance are con- [ 


nected to two other binding Fig. 49 
screws P, Р known as potential leads. | The value of the resis 


tance marked by the slide of the wire, is for that portion of the 
wire that exists between A and B and not between C and C. 


23. Electrical cells and their uses. 


Different types of cell which are employed in the laboratory 
are described below: 


(a) Primary cells. 


(i) Daniell cell : In 
Fig. 43, C is a cylin- 
drical copper vessel which 
serves as the positive plate 
of the cell. S, is the con- 
centrated solution of copper 
sulphate which serves as the 
depolariser and this solution 
is kept saturated by allow- 
ing it to come in contact 
with copper sulphate crystals 
placed оп а perforated 
shelf S. 


Fig. 43 
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Z is an amalgamated zinc rod which is the negative plate of 
the cell and this is partly immersed in the dilute sulphuric acid 
contained in the porous pot P. This dilute sulphuric acid serves 
as the exciting liquid. 


The E. M. F. of the cell is 1:08 volts and it remains . steady 
even when the current is drawn from the cell. Due to its high 
internal resistance, it cannot be employed for purposes where 


a large current is necessary. It is useful for small but constant 
current. 


(ii) Leclanche's cell : In Fig. 
44, C is a carbon plate 
which is kept inside a porous 
pot P packed with a mixture of 
manganese dioxide and charcoal. 
This mixture serves as the depo- 
lariser. The mouth of the porous 
pot is covered by pitch. The 
carbon plate serves as the posi- 
tive plate of the cell. 


Z is an ámalgamated zinc rod 
which serves as the negative plate 
and this is kept partly immersed in the saturated solution of 
ámmonium chloride kept in the glass vessel С. This solution 
serves as the exciting liquid. 1 


Fig. 44 


The F.M.F. of this cell is 1-4 volts. Тһе depolariser MnO» 
is a slow oxidising agent and hence the E.M.F. of the cell 
gradually decreases as the current is drawn from the cell, owing 
to the partial polarisation of the high potential plate. For this 
reason, the cell cannot be used for purposes where a steady 
current is required. But it can be safely employed in Wheatstone 
bridge work, for the change of E.M.F. of the cell will cause an 


equal change of potentials of two points in the opposite arms 
-causing no change in the null point. 
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(b) Secondary cells. 


(i) Lead accumulator: In this cell, both the positive 
and negative plates are made of lead having the structure of a 
grid or net work [Fig. 45]. The inter-spaces in the grid are 
filled with a paste of red lead (Pb;O,) and sulphuric acid. The 
tes are placed in dil. H,SO, of sp. gr. 1:2. Before charging, 


pla 
hemical action takes place forming PbO, and PbSO, in both 


ac 
the plates. 


SPONGY LEAD 


Fig. 45(a) 


Fig. 45 
0,1 2HsSO.=PbOs+ 2PbSO, +210. 


ng, PbSO, of the positive plate is converted to 


Pb; 

After charging 

РЬО while both PbSOs 
verted to spongy lead. 


and PbO, of the negative plate are con- 


In order to decrease its internal resistance and to increase its 
capacity, а series of parallel plates are alternately connected to 
the two electrodes provided with binding screws [Fig. 45(a)]. 
Insulating separators are placed between two consecutive plates hs 
bring them closer towards each other without touching. 


~The E.M.F. of a fully charged cell is 2:2 volts which 
gradually falls to 2 volts and remains steady for a considerable 
time. Thus the cellis employed in cases where a steady and 

cessary. Due to the low value of internal 


strong current is пе 
resistance, a large current can be obtained from it. If a large 
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number of plates are emploved, the capacity of the cell will be 
increased. ‘The capacity is expressed in Ampere-hours. Thus 
if the capacity of the cell is 45 Ampere-hours, then a steady 
current of 3 amperes can safely be drawn for 15 hours. 


Precautions to be taken in using lead cells : 


(1) This cell should never be shert-circuited, for in that case 
a large current will flow, generating much heat and producing 
vigorous chemical action, due to which the plates will be buckled 
and hard PbSO; will be formed and the cell will be damaged. 


(2) When the E.M.F. of the cell falls to 1-8 volts, it should 
no Jonger be used and charging should be made by employing 
lamp resistance as is shown in Fig. 39 of Art. 22(c) (ii). 


(3) The battery to be charged should be inserted in the 
circuit R so that the positive of the main should be joined with 
the positive of the battery otherwise the battery will be damaged 
beyond remedy. The suitable charging current can be obtained 


by inserting a number of lamps in parallel and noting the current 
by introducing an ammeter in the circuit. 


(ii) Alkali cells: In this cell, the positive plate is 
formed of hydroxides and higher oxides of Nickel which are 
contained in a perforated 

+ - nickelled steel pocket. The 

negative plate is formed of 
finely divided iron and iron 
oxide, mixed with a certain 
percentage of cadmium, 
мон, == 7 312180 which are also contained in 


2211 Hiss a perforated nickelled steel 

NICKEL pocket. The plates are im- 

reel go) i olution 
STEEL BOX mersedin a 21% s 


of KOH in water and a 

= little lithium hydroxide con- 

= Sees %)= tained in a nickel-plated 
Fig. 45(5) steel box [Fig. 45(b)]. 
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The E.M.F. of this cell, when steady, is 1-25 volts. This 
cell withstands greater rough-handling, over-charging, and 
greater rate of discharge than 
in the case of an acid cell. It 
is not destroyed by an acci- 
dental wrong charging ог 
when left unused for a long 
time after charging. 


(c) Standard cell. 


Of the two standard cells 

which are available, Weston 
cadmium cell is usually em- 
ployed. It consists of two glass 
vessels G, and Gz joined toge- 
ther by a cross-tube T [Fig. 
46]. Platinum wires Р; and P» Fig. 46 
are sealed below the vessels ; 
G, and С» which respectively serve as the positive and negative 
electrodes. The positive electrode is pure mercury (1), above 
which there is a paste (2) of CdSO, and HgSO,. Above this 
paste there are crystals of CdSO, (3). The negative electrode js 
an amalgam of Cadmium (5). Above this there are also crys- 
tals of CdSO, (3). Both the tubes contain saturated solution 
of CdSO, (4) above the CdSO, crystals. The solution extends 
above the connecting tube T and this solution is maintained 
saturated by CdSO, crystals. Arrangement is shown in Fig. 46. 


E.M.F. of this cell is 1-0183 volts at 20°C, and at any 
temperature 1°C, the E.M.F. is given by 


Е; =1°0183 — ‘0000406(¢ — 20). 


Violent jerks should never be given to the cell, for in that 
case some mercury from С: may go to Gə through the connect- 
ing tube T causing a disturbance of chemical reaction. To guard 
against accidental short circuiting, high resistances R are joined 
in series so that the current drawn from the cell is very feeble. 


9—Р.П 
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This cell is employed as the standard of E.M.F. and not for the 
supply of current. 


24. Shunt and its Uses. 


Shunt is a low resistance connected parallel to a galvano- 

meter (G) so that a large fraction of the main current may 

pass through the low resis- 

—-,|T tance shunt S while a small 

fraction. passes through the 

S galvanometer and thereby 

2 he galvanometer is saved 

from damage. Thus the 

function of the shunt is 

57) to save the galvanometer 

9 from damage by reducing 

the current flowing through 

the galvanometer [Fig. 47]. 
Let, С =galvanometer resistance 


S =shunt resistance 


Fig. 47 


C,=galvanometer current 
C,=current through the shunt 
C =main current= Ot 0, 


‚ Now current in a branch 


f is inversely Proportional to its 
Tesistance. Hence, 


CSS SS AS 
0€, q' Озор TE (e 
(07. СИИ S 
or, 0 5+9 323015 О або та 5 On (1) 
Similarly, TR GUN 
а $ « O 


| By the term 1/nth shunt we mean, that it is that shunt which 
will allow 1/nth of main curre; 


nt C to pass throu the galvano- 
meter. Hence, C в=С/п. Р E ! 
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Ow алг T 
or, > быа ог, nS=S+G 
G 
OF emi e - (3) 


The relation (3) gives the shunt resistance which will allow 
1/nth of the main current to flow through the galvanometer, 


25. Ammeters and Voltmeters, 


(а) Ammeter : The complete picture of an ammeter can be 
obtained from Figures 48(a) and 48(5). It is a low resistance 


Fig. 48(a) 


Fig. 48(5) 

portable galvanometer inserted in series with the circuit to record 
the current flowing in it. The resistance of an ammeter is made 
very low by adding a low resistance shunt R parallel to it, so that 
the very current which we are going to measure may not alter by 
the insertion of ammeter. The coil C is capable of rotation 
about an axis pivoted in jewelled pivots. The coil C can rotate 
round a soft iron cylinder L [Fig. 48(5)] kept within the сы 
cylindrical pole pieces N and S of a permanent horse-shoe magnet 
[Fig. 48(a)]. The controlling couple is exerted by two hair- 
springs H; and Z,. One end of each hairspring is attached tonne 
axis of rotation of the coil (C) while the other ends are attached 


to the two insulated studs 5, and S; [Fig. 48(a)]. These Springs 
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are wound in the opposite direction so that when the coil C 
rotates, one spring winds while the other spring unwinds itself. 
A pointer Р [Fig. 48(b) | is attached to the axis of the coil and 
this pointer moves with the coil, over a scale 4 calibrated in 
amperes. 


(b) Voltmeter; The construction of a voltmeter (V) is 
exactly the same as in the case of an ammeter, the only difference 
is that the shunt resistance R is removed and a very high resistance 
R' is added in series with the portable galvanometer [Fig. 49]. The 
voltmeter is to be joined in parallel between two points P and Q 
about which the potential difference is required and hence the 
resistance of the voltmeter should be high so that the equivalent 

M А resistance of the voltmeter 
eC and the resistance r between 

Dee | PQ may remain practically 

г ғ. Under this condition, the 

FANE Sd ' connection of the voltmeter 

H | betwen P and Q will not 

alter the potential difference 

already existing between P 

and Q. Here the scale A is calibrated directly in terms of volts. 

The circuit containing the connections of both ammeter (M) and 
voltmeter (V) is shown in Fig. 49. 


Fig. 49 


26. General precautions to be taken in electrical 
experiments. 


(i) All junctions must be made tight and to ensure good 
electrical contact, the ends which are at the junctions must be 
made clean by sand paper. То ensure the tightness of a wire 


in a binding screw, the wire should be pulled out gently to see 
whether it comes out or not. 


; (ii) ‘Plugs of resistance boxes or of P.O. boxes must be 
inserted tight by rotating the plug and at the same time pushing 


d downward, otherwise an extra resistance will be inserted in the 
circuit for which we take no account. 
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(iii) Whenever a suspended cóil galvanometer is to be intro- 
duced in a circuit, either a series high resistance (say of the 
order of 10,000 ohms.) or a very low resistance shunt should be 
applied to the galvanometer for safety. 


(iv) A tapping key or a plug key should be joined parallel 
to a sensitive galvanometer so that the oscillation of the coil can 
be quickly stopped by generating an electromagnetic induced 
current in the coil by pressing the key at the moment when the 
spot of light passes through its rest position. 


(v) In the tangent galvanometer experiment, the plane of 
the coil should be kept in the magnetic meridian which can be 
tested by observing the equal deflection oj the needle both with 
direct and reversed currents. 


(vi) In experiments with a voltameter, care should be taken 
to see that by the reversing of the current, the galvanometer 
current is only reversed and not the current in the voltameter 


(vii) Before inserting the plug in the key, be sure that the 
connections are according to the plan of the diagram, drawn on 
yovr rough note book. 

(viii) When leaving the experimental table, be sure that 
all connections of your apparatus, lights, and fans are off. 


(ix) Whenever a steady current is required, a Storage cell 
specially an alkali cell, should be used, but in Wheatstone Ее 
experiments (such as іп Metre bridge and P. О. box) as well zs 
їп Carey Fosters bridee experiment, Leclanche's cell may be 
employed. 


\ s 
(x) Plugs should be inserted in the keys, i.e. current should 
be allowed to flow in the circuit so long as it is required. Con- 
tinuous flow of currents will heat the circuit. 


(xi) In suspended coil galvanometers, the deflection of the 
spot of Jight should lie between 8 to 16 cms. on a scale placed at a 
distance of one metre from the galvanometer mirror while in ins- 
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truments where the tangent law is obeyed, the deflection should be 
kept at 45° to have minimum proportional error. 


27. Wheatstone bridge princi 


ple and its application in 
(а) Metre Bridge (b) Р. О, Box. 


Wheatstone bridge principle : 


If two conductors, P C 
АСВ and АРВ are con- m NNUS 
nected parallel to a battery ndo uL 
B, [Fig. 50] then for 2 | e БУ € | 
point C on the conductor iow 
ACB there is a correspond- е, 
ing point D on the con- Fig. 50 


ductor ADB such that potentials (=V) of these two points will 
be the same. IE these two points C and D are joined by a 
galvanometer G, then no current will flow through it for want of 
any potential difference between C and D. If P and Q be the 
resistances of the portions AC and СВ of the first conductor ACB, 
while R and S be the resistances of the Portions 4D and DB of 
the second conductor ADB, then according to Wheatstone bridge 
principle P/O=R/S. 


Proof: Let C, and C; be the currents in АСВ and АРВ 
while Va and VB are the potentials at 4 and B. By Ohm’s law, 


EAEIYLVR . О D 
0,- - PAMELA ZI. D 
E Yo КИТ; 
ORV AAV ЛУ И». улуг (2) 
R НИ г 


From (1) and (2 Жар: 
) we get E zu) 


(a) Carey-Foster’s bridge and its coversion to Metre 
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Bridge. Fig. 51 shows the arrangement of a Metre bridge or 
a Carey-Foster's bridge. 


Fig. 51 


Construction :—On a rectangular wooden board, five thick 
strips of copper Ly. Le, Ls, Ly and Ls are fixed, leaving four 
gaps С, Gs, Gs and Gi. Copper strips Li and L; are in the 
shape of L while the rest are straight. An one metre long fine 
unitorm wire of manganin or german silver is soldered to the 
bent ends of strips L; and Ls. A jockey J moves over the metal 
rod R,R,. By pressing the button of the jockey, the rod RR, 
сап be put in contact with any point of the wire АВ and this 
point of contact can be noted from a metre scale S,S,, by the 
side of which an index mark on the jockey moves. By using all 
the four gaps, it can be employed as the Carey-Foster's bridge 
while if the two extreme gaps С, and С, are closed by two copper 
strips, then it serves as the Metre bridge. 

Use: To use Carey-Foster’s bridge as Metre bridge, the 
extreme gaps G, and С, are closed by two metal strips, while 
unknown resistance coils P and Q are connected to the binding 
screws by the sides of the gaps G, and G; [Fig. 51(a)]. One 
terminal of a galvanometer is joined to the binding screw №; of 
the rod R;R; [Fig. 51], over which the jockey moves while 
the other terminal is joined to the binding screw B; at the 
middle of the strip Ls [Fig. 51(a)]. A battery is joined to 
the binding screws Bs and В; which are existing just outside the 
gaps С, and Gs. By moving the jockey, the different points of 
t in contact with the galvanometer until no deflection 


wire are pU 2 
is obtained. If 1 be the length of the wire (from the left-hand, 
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end) at which null point is obtained, then by Wheatstone bridge 
principle, 


Flg. 51(a) 
VAT Resistance of length 1 at pl meni 
Q Resistance of length (100 - ) (100-2) 100-1 


where , is the resistance per unit length of the Metre bridge wire. 
Measuring Ї from the scale, we can compare P and О or we can 
find P, when Q is known. 


(b) P. O. Box. 
Construction : The actual plan of arrangements of a Р.О. 


(4) 


Fig. 52(a) Fig. 59(5) 


box is shown in Fig. 52(4) while the diagram of Wheatstone 
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bridge is shown in Fig. 52(P). Three arms of a Wheatstone 
bridge, viz., O, P and R arms are given in the box while the 
fourth arm (X) is the unknown arm. О and P are called 
ratio arms while the arm R is called the third arm. In the Figure 
52(a) BC is the Q arm while CA is the P arm each containing 
resistances 10, 100 and 1000 ohms. The portion ALD is the ‘R’ 
arm or third arm which contains a number of resistance coils, 
whose resistances lie between 1 and 5000 ohms and their total 
resistance is 11110 ohms. А galvanometer is to be joined 
between D (the junction of R and the unknown resistance X) 
апа с. By pressing the key К,, c will be connected to C, the 
junction of P and Q [connection between C and Kə is shown in 
the Fig. 52 (a) by dots]. The battery is to be joined between 
B and a. By pressing the key K;, a will be connected to A 
{connection between A and К, is shown in the Fig. 52 (a) 
by dots]. 

Use: (i) At first equal resistances (say 10, 10) are inserted in 
О and P arms. Resistances in the third arm are then altered until 
we get the null point with a resistance R; (say). Then we have, 

p.h hi х-9в,=-ЦуВ, = Ву ohms. 
(ii) If we do not get the null point with any resistance, but 
opposite deflections are obtained with К, and (R,+1), then P 
is made 100 ohms while Q isstill kept at 10 ohms. Now the 
resistances in the third arm will have to be varied between 10R, 
and (10R,+10). If we now get the null point for a resistance 
R; in the third arm, then the unknown resistance is given by, 


29p,-10 р, Ёз 
Х=ъВ»з 100 Ёз 10 ohms. 


(iii) If in this case also we do not get the null point with 
any resistance, but opposite deflections are obtained with R {| 
and (R,+1), then P is made 1000 ohms while. О is still kept at 
10 ohms. Now the resistances in the third arm will have to be 
varied between 10R, and (10K,+10). If we now get the null 
poiut for a particular resistance Rs in the third arm, then, 


MUTATUR 
X-pBs 100075 Tog ohms. 
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(Gv) If at Rs in the third arm, we do not get any null point 
but opposite deflections аге obtained with К; and (R,+1), then 
by a simple calculation we can find the exact resistance at which 
the null point will be obtained. 

Let К, ohms іп the third arm give a deflection of the spot 
of light by d, divisions in one direction on the galvanometer scale 
(say, towards right) while by the insertion of (R,+1) ohms in 
the third arm, the spot of light shifts by d; divisions in the opposite 
direction (say, towards left). Then the extra resistance x, over 


Rs, required for no deflection, i. e., to decrease the deflection by 
d, divisions, is 


dy ‘ Rotax 
= { EA Ito T ohms. 
т aa ohms x 109 9bms 


28. General precautions to be taken in the experiments 
based on Wheatstone bridge principle. 


(i) The bridge becomes most sensitive when the resistances 
in the four arms of the bridge are equal. Hence attempts should 
be made in this direction as far as possible. 

For example, when a P. O. box is employed to measure a 
moderate resistance not exceeding 200 ohms (as in the case of 
verification of the laws of series and parallel resistances) the 
resistance in the ratio arms should be 10: 10 and 10 : 100. 
The ratio 10 : 1000 will give large difference in the resistances 
in the four arms and hence the bridge becomes so much 
insensitive that even a change of 5 ohms resistance in the third 
arm will cause no appreciable change in the balanced condition 
of the bridge. Hence it is unprofitable to extend up to the ratio 
19 : 1000. 


Again if the resistance to be measured lies between 200 and 
1000 ohms (as in the case of the resistance of an electric lamp 
in cold) then for greater accuracy it is desirable to work with 
the ratio 100 : 100 and 100 : 1000. 

(ii) For Wheatstone 
employed. If the Е.м. 
there will be equal changes in the 
Ponding points in the (Р— 


О) arms and in the (R—S) arms. 
Hence zero potential 


difference between the two ends of the 
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galvanometer will remain unaltered causing no change in the null 
point. 

(iii) The E.M.F. of the battery employed must not be very 
high, otherwise standard resistance coils employed in the circuit 
will be damaged by the production of much heat in them. 


(iv) The battery key should be kept closed only for that 
minimum time which is necessary to. find a null point ; otherwise 
a continuous flow of current in the standard ‘resistance coils in 
the circuit, will heat them unequally due to their different tempera- 
ture coefficient of resistances and as a consequence, the balance 
of the bridge will be disturbed. The battery key should be kept 
open from two to three minutes before the next determination of 
the null point is taken up. 


(v) To avoid the effect of self-inductance (if any) of the 
resistance coils, the batiery key should be closed first and then 
the galvanometer key. If the battery key is closed first, the 
current in the circuit will quickly assume its maximum value (i) 
causing no change of current in the circuit and hence the in- 


duced E. M.F. in the circuit ( which ise z2) due to the change 
of current in it, may be nil. 


(vi) If the galvanometer employed to detect the balanced 
condition of the bridge be very sensitive (such as a mirror 
galvanometer) then either a high resistance in series with the 
galvanometer or a low resistance shunt parallel to the galvano- 
meter should be applied until an approximate null point is 
obtained. Then to get the correct null point, the sensitiveness 
may be increased either by reducing the series resistance to Zero 
or by making the shunt resistance equal to infinity, provided the 
former arrangement was not sufficiently: sensitive. 


(vii) No changes in the balanced condition of the bridge 
will be observed on interchanging the positions of the galvano- 
meter and the battery. This indicates that the position of a null 
point is independent of the resistances of the galvanometer and 
the battery, though the sensitiveness of the bridge is affected 
by their resistances. For greater sensitiveness, the resistances 
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of the battery and the galvanometer should be low (the resistance 
of the galvanometer should not exceed 50 ohms) and the galvano- 
meter or the battery whichever has the higher resistance should 
be placed between the junctions of two arms having greater 
resistance and the junction of two arms having smaller resistance. 


(viii) Very high or very low resistances cannot be measured 


with Wheatstone bridge for the bridge becomes too much insen- 
sitive for these resistances. 


29. Verification of the laws of Parallel and Series resis- 
tances by using a P. O. Box. 


Theory: When two resistances r, and rs are joined in 
parallel [Fig. 53(a)], their equivalent resistance R is given by, 


| 
o ymi Mmm 
n To 
(iy D Tf ИҢ 2 B 
Ex ty 
Fig. 58(ф) 
el Tar 
== + Or, R= 179 
TDA EA on 3 Ti tTa (1) 


s Again, when the resistances ғ; and r, are joined in series 
[Fig. 53(5)], their equivalent resistance Р is given by, 


R'=ri+r, dmt Scit LE 2) 


И By employing a P. О. box, each of the two individual re- 
sistances гу and r, and also their equivalent resistances R; and Re 
when joined in parallel and in series respectively are to be 
measured. We shall see that R and R’ calculated by the rela- 
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tions (1) and (2), in which parallel and series laws are respec- 
tively assumed, agree with А, and К, fcund out by actual experi- 
ment. Thus both the parallel and series laws are verified. 


Resistances are measured on the principle of Wheatstone 
bridge (viz. P/O=R/X) which is adopted in the P.O. box 
[Fig. 54(5)]. From which the unknown resistance (X) is 
given by, 


х-9в 5 h (3) 


Connection of the apparatus : Connections are shown in 
Fig. 54(a) while the diagram of Wheatstone bridge is shown in 
Fig. 54(b). Unknown resistance X is connected at the begin- 
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ing (B) of the first arm BC (i.e. of the O arm) and at the end 
(D) of the third arm ALD (i.e. of the R arm) of the P.O. box. 
Battery is to be connected at the end of the ratio arms P and 
О. For this purpose, one terminal of the battery is connected 
to B while its other terminal is connected to the binding screw 
‘a’ of the key K;, which is in metallic connection with the point 
A as is shown on the box by drawing a white line which joins 
А and К; (A may remain joined with К, or Ку, which vary from 
one box to another). On pressing the key К, connections will 
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be established between ‘a’ and A. One terminal of the galvano- 
ineter is to be connected at D while its other terminal is to be 
joined to the binding screw ‘c’ of the key K;, which is іп 
metallic connection with the point C as is shown on the box by 
1 white line joining C and Ke. On pressing the key Ks, connec- 
tions will be established between ‘c’ and C, the junction of the 
P and Q arms. 5 

Procedure: (i) Resistances of values 10 ohms and 10 
ohms are inserted in the ratio arms О and P respectively so 
that Q/P=1. At first, the highest resistance (viz., infinity or 
5000 ohms) and the lowest resistance (viz., 0) are alternately 
inserted in the third arm of the box and the directions of 
galvanometer deflections are noted by pressing the battery key 
К, first and then the galvanometer key Ke. If opposite deflec- 
tions are obtained then the connections are all right. Resistances 
(К) in the third arm are then varied within the limits 0 to 5000 
ohms until we get a particular resistance R, (say) at which the 
galvanometer shows no deflection. Hence from (3) we get, 

Х=10хВ,= В, ohms. 

(i) If instead of getting the null point we get opposite 
deflections with Re and (R.+1) then the unknown resistance X 
will lie between №, and (6,--1). The resistance in the Q arm 
is kept equal to 10 ohms while that in the P arm is made equal 


+ Q_ 10) 71 cme 
to 100 ohms, so that the ratio p i100 1v Now the resis 
tances in the third arm are varied only between 10R, and 
(10R,+10) until we get no deflection at R5, when 

JUPE 
Ж pis 10 Rs. 

N.B. [If a resistance between 10R; and (10R,-+10) inserted 
in the third arm gives a strong deflection of the galvanometer, 
then it should be inferred that the resistances in P and Q arms 
have been reversed. Tn that case. 10 ohms should be replaced 
by 100 ohms and 100 ohms should be replaced by 10 ohms.] 

. (it) Again, if we get no null point but opposite deflections 
within a range of one ohm, then the ratio should be made 1/100 
(i.e. Q=10 ohms and P=1000 ohms) until we get no deflection 
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at a particular resistance. 1f in this case also we get no null 
point, but opposite deflections within a range of one ohm, then 
the particular resistance, which will give no deflection at the ratio 
1/100, can be calculated by employing ordinary principle of pro- 
portion [for details see Art. 27(b), item (iv)]. 


(iv) The second resistance (rs) as well as the equivalent 
resistances R, and R when r, and r, are joined in parallel and 
in series* respectively, are similarly determined. We shall see 
that the equivalent resistances R and R' calculated from r, and rs, 
by employing parallel and series laws [the relations (1) and (2)] 
respectively, agree with К, and R, which verify the two laws. 


Precautions : (i) To avoid the effect of self-inductance 
of resistance coils, if any, the battery key should be closed first 
end then the galvanometer key. 


(ii) The plugs of the box are to be kept tight by rotating 
the plugs and contact points should be kept clean. 2 


(iii) If a storage cell is employed, then a rheostat should be 
joined in series with the cell to save the cell as well as standard 
resistance coils from damages. 


(iv) If the range of the resistances in the third arm with 
lower ratio does not fally with that obtained with higher ratio 
then either the plugs are loose or the resistances of the box are 
imperfectly calibrated. After making plugs tight, if this discre 
pancy still exists, then the resistance in the third ar ister 
ratio should be taken. hay ee 


(v) If the galvanometer gives the deflection in the sam 
direction for all resistances, then the Connections are to he 
considered wrong. i 


(vi) A record should always be made of the resistance R 
which gives no deflection as wellas of the resistances (R+1 
and (R—1) which give opposite deflections. E 


*Resistances т, and rg will be joined in parallel when thei 
terminals are joined to D and 2nd terminals are joined to B [Fig E 1st 
Series connection between 7, and т, will be Obtained when ЕЕ (а)]. 
2,and 1 of r, and ry respectively are joined by a wire while the ra жо 
of r, is }оїпе1 to D and the terminal 2 of r, із joined to B (Fig. "ir a 
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Experimental data : 
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[Numerical figures given in the table are for illustrations only] 


TABLE I 
DE 3 RT а ae er 
5815 |a Sg | н Bo tig 5 
3290, еш 3g BHBS- | cud 
a 5:515 aja < Sa |9 E Е сооз Beso 
палыше сш) og лн 2c 
goss (sje тЫ Ss | 82536 | ДЕЛ 
ЕРЕ $8'| яз | ЕЕЕ} | зак 
Es (©) o © Z’ x 
5000 right | too high 
0 left | „ low 
200 right | ,, high 
| 20 ООУ r, lies 
100 right | ,, high between 
10|10| 1 | 40 left | , low 60 and 61 
50 left | ,, low ohms 
60 |slightly left | slightly low 
61 » right | „~ high 
ГҮ. wh NETS 
608 right high 7, lies 
607 right ae 
1 606 slightly right| slightly high | between 
10 | 100) -o | 605 | slightly left | slightly small 
604 left small 60°5 and 60* 
TLA ohms, 
" 6055 islightly left | slightly small | +, —60:56 
10 |1000]. 100 | 6056 | no deflec- ohms 
tion 
6057 [slightly right} slightly high 
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TABLE II 
= 8 Equivalent resistance of Inference 
В = | Connections T, and r, in ohms. 
o P" 
БА” made with 
SEN Igea ту and тз | 
МЛ > Ехрегїшеп&а1 | Calculated 
parallel 2—8, | eR Parallel law 
| is verified. 
nsi | 
| 
Series =R; | wn = R’ Series law is 
verified 


| ЕШ у ЕА 
Oral Questions and their Answers 


1. What isa Р. О. box and why ів it so called ? 

Tt is а compact form of Wheatstone bridge in which three arms aro 
given. It із во named because it was originally intended for service in the 
British Post Office for measuring resistances of telegraph wires. 

9, What is the principle under which the P- O. box acts ? 

Wheatstone bridge principle [See Art. 27) 

3. Oan you measure very high or low resistances by the box 7 

No; for the bridge becomes insensitive, é.c. the galvanometer will show 
no deflection within а certain range of resistances. The bridge would be 
most sensitive when the resistances ed the four arms are equal. 

4. Will the null point be altered, if the battery and the galvanometer 
be interchanged or some resistances are joined in series with them ? 

No; for it can be shown that when the bridge is exactly balanced, 
the galvanometer current is zero, then the relation (P/Q=R/X) ів 
independent of the resistances of battery and gelvanometer circuit. But 
for a slight want of balance, the galvanometer deflection will be large if 
the resistances of the galvanometer and battery are very low. INGE) Qr 
battery or the galvanometer, whichever has the gx resistance, is to 
Ъе joined between the junction of (OU arms having greater resistances 
d the junction of the two arms having lower résistances. 
a, Which of the two keys you will close first and why ? 

г avoid the effect of self-inductance of the resistance coils, in the box 
battery circuit should be closed first and then the galv. circuit. 

6. Will the null point change, when а cell, whose E.M.F. is gradually 
decreasing, is employed by you ? TS 

No, for the distribution of potential ра Ње two parallel branches will 
change equally maintaining the null point. 


10—Р.Ц 


4.6. 
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7. If the resistance coils of your box be calibrated at 20°C., will they 
give the same value at 30°O. ? 

No, for the resistance of metals increases with temperature. 

8. Sometimes the limits of the resistances found with the lower 
ratio (say 10: 10) do not coincide with that obtained with the higher ratio. 
What are the reasons for this and what should be your procedure then ? 

The reasons for this are—(i) loose fitting of the plugs in the gaps and 
(ii) imperfect calibration of the resistance coils, 


When such cases arise, the plugs of the box should be made tight by 


twisting and the values obtained with the higher ratio should be accepted. 
9. Can you use your box to measure 
higher and lower than the hi 
the box ? 
Yes ; 


resistance which are respectively 
ghest and the lowest resistances available in 


if the value of the ratio QIP is made smaller or greater than 
unity then we shall be able to measure low or high resistance respectively. 
10. What is the unit of resistance ? 


Ohm ; it is the resistance of а conductor in which 1 ampere current 
flows, when a P. D. of 1 volt is applied at its ends, 


30. Determination of the resistance of a galvanometer 
by Thomson’s method. 

Theory: Wheatstone bridge principle, as adopted in P. O. 
box, may be employed to determine the resistance of a galvano- 
meter by inserting it in the fourth arm BD of bridge and by 


employing a key К, only in the galvanometer circuit CD 
[Fig. 55]. 


A small potential 
difference obtained agai- 
nst a resistance r, insert- 
ed in a separate circuit, 
should be applied be- 
tween А and B. When 
the conjugate condition, 


vizag- ie. G- 9p. 
is satisfied, the current 
in the branch CD 
becomes zero and the 
current in all other 


branches of the bridge 
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will remain unaltered causing no change in the galvanometer 
deflection, whether the key К, in the branch CD is kept open or 
closed. 


Thus the determination of the resistance G of the galvano- 
meter involves the determination of the value of the resistance R 
in the third arm of the P.O. box (for a given value of the ratio 
of О and P) for which there will be no change in the galvano- 
meter deflection whether the key К» is kept open or closed. 


Connection of the apparatus : Connections are shown in 
Fig. 56, the details of which are given below : 


(i) A separate circuit is made with a battery B’, a key К 
and two resistance boxes B; and B. A high resistance R’ 
(the value of R’ should 
be of the order of 200 
ohms or more depend- 
ing on the sensitive- 
ness of the galvano- 
meter) is inserted in 
the box B, while a 
very low resistance т 
is inserted in the box 
В,. 

(ii) The terminals 
of the box B are 
joined to the extremi- 
ties 4 and B of the 
ratio arms P and О 
respectively. Fig. 56 

(iii) The binding screw с of the key К, and the end poi 
D of the third arm of the Р.О. box are connected by a bu 
wire and by such connection, the key К, only is inserted t ick 
usual galvanometer circuit CD. in the 


(iv) The galvanometer whose resistance G i А 
15 ге i 

connected between B and D which constitutes the Оңу 15 

the P. О. box. The key К, is kept inoperative. m of 
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7. 1 the resistance coils of your box be calibrated at 20°C., will they 
give the same value at 30°O. ? 


No, for the resistance of metals increases with temperature. 

8. Sometimes the limits of the resistances found with the lower 
ratio (say 10: 10) do not coincide with that obtained with the higher ratio. 
What are the reasons for this and what should be your procedure then ? 


The reasons for this are—(i) loose fitting of the plugs in the gaps and 
(ii) imperfect calibration of the resistance coils. 


When such cases arise, the plugs of the box should be made tight by 
twisting and the values obtained with the higher ratio should be accepted. 
9. Can you use your box to measure resistance which are respectively 


higher and lower than the highest and the lowest resistances available in 
the box ? 


Yes; ifthe value of the ratio Q/P is made smaller or greater than 
unity then we shall be able to measure low or high resistance respectively. 
10, What is the unit of resistance ? 


Ohm ; it is the resistance of a conductor in which 1 ampere current 
flows, when a P. D. of 1 volt is applied at its ends. 


30. Determination of the resistance of a galvanometer 
by Thomson’s method. 

Theory : Wheatstone bridge principle, as adopted in Р.О. 
box, may be employed to determine the resistance of a galvano- 
meter by inserting it in the fourth arm BD of bridge and by 


employing a key К, only in the galvanometer circuit CD 
[Fig. 55]. 


C A small potential 
difference obtained agai- 
nst a resistance r, insert- 
ed in a separate circuit, 
Should be applied be- 
tween 4 and B. When 
the conjugate condition, 
inona i.e. G- 8g. 
is satisfied, the current 
in the branch CD 
becomes zero and the 
current in all other 
branches of the bridge 
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will remain unaltered causing no change in the galvanometer 
deflection, whether the key К in the branch CD is kept open or 


closed. 


Thus the determination of the resistance G of the galvano- 
meter involves the determination of the value of the resistance R 
in the third arm of the P.O. box (for a given value of the ratio 
of Q and P) for which there will be no change in the galvano- 
meter deflection whether the key К, is kept open or closed. 


Connection of the apparatus : Connections are shown in 
Fig. 56, the details of which are given below : 


(i) A separate circuit is made with a battery B', a key K 
and two resistance boxes B,and З. A high EES R 
(the value of R’ should 
be of the order of 200 
ohms or more depend- 
ing on the sensitive- 
ness of the galvano- 
meter) is inserted in 
the box Bı while a 
very low resistance r 
is inserted in the box y 
B;. 

(ii) The terminals 
of the box В, are 
joined to the extremi- 
ties A and B of the 
ratio arms P and О 
respectively. 

(iii) The binding screw c of the key К, and t х 
D of the third arm of ће Р.О. box аге аы Te b 
wire and by such connection, the key К» only is inserted in A 
usual galvanometer circuit CD. е 


Fig. 56 


(iv) The galvanometer whose resistance G is required i 
connected between B and D which constitutes the fourth arm ie 
the P. O. box. The key К, is kept inoperative. о 
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Procedure: (i) When no current flows in the circuit, i.e. 
when the key K is not closed, the spot of light is brought at one 
end of the galvanometer scale. 


(ii) Resistances 10 and 10 ohms are respectively inserted 
in the ratio arms О and P. The value of гіп the box В, is made 
zero while the value of R’ in the box B, is kept near about 200 
ohms or more depending on the sensitiveness of the galvanometer. 
The key K is now closed and the value of r is gradually increased 


until the spot of light is deflected near to the other end 
of the scale. 


N.B. [If, on closing the key К, the spot of light is found 
to be deflected in a direction outside the scale and not inside 
the scale, then the wires connecting the two poles of the battery 
B' should be interchanged.] 


(ii?) The resistance in the third arm is first made zero and 
then infinity and on closing the key К, in each case, we shail 
find that the deflected spot moves in the opposite directions. 
The resistance in the third arm is then increased from zero 
value until for a particular value R, there is no change of 
position of the deflected spot on closing or opening the key 
Ke. The resistance of the galvanometer is then given by 


= р, =!9R,=R, ohms. 
G pP: 10 1 1 Ooms 


(vi) If, on the other hand. we get opposite changes of deflec- 
tion with resistance Re and (R,+1) in the third arm, then Р 
should be made equal to 100 chms while О should be still kept 
equal to 10 ohms. [At this time r should be changed to have 
nearly the same steady deflection as before.]. The resistances in 
the third arm are then changed between 10R, and (10R,+10) 
until at a particular resistance R; we get no change of deflection 
on closing or opening the key Ку. The galvanometer resistance 
is then given by, б=®в„— 10 x Is -2 Dre! 
(v) If for the ratio, Q/P-—10/100 we get opposite deflections 
with resistances К, and (R,+1) then Q/P should be made 
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equal to 10/1000 and a suitable resistance Rs between 10R, and 
(10R,--10) should be found out for which there will be по 
cnange of the deflection (steady deflection should be made the 
same as before by changing r) on closing or opening the key K;. 
‘The galvanometer resistance is then given by, 
Q 1n 
= ҰР, = s ohms 
G pP: 100925 ohms. 
Experimental Data : 
[Make a table similar to the TABLE I of Expt. 29, and 
introduce the following changes there :— 
(i) In the heading of 6th column write ‘change of galvano- 
meter deflection’ instead of ‘galvanometer deflection’. 


(ii) Write G in place of r; in the first column. 
(iii) Omit the columns containing кг, А, and А..] 


‘Precautions : (i) The plugs of the box should always be 
kept tight by rotating each plug by hand and not by striking 
its head. 


(i) As the method is very insensitive owing to a very 
small current in the bridge, the initial deflection of the spot of 
light should be made from one end of the scale to its other end 
nearly. 

(iii) The magnitude of the change of deflection when the 
key Ke is closed depends on the resistance in the branch cD. 
Hence greater sensitiveness will be expected if D and c are 
joined by a thick wire. 


(iv) Due to the insensitiveness of the bridge, no change of 
the deflection of the spot will be noticed when the values of the 
resistance (R) in the third arm lie within a certain range. In 
that case, the mean of the two extreme resistances of the range 
(for which there is no change of galvanometer deflection) SONIS 
be accepted as the proper value of R. 


(v) The key K in the battery circuit should be a plug key ; 
for a steady current in the bridge is necessary before the key а 
2 


is closed. 


П 
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(vi) For each value of the ratio of Q/P the value of r in the 
box B; should be changed to have nearly the full scale deflection 
of the spot. 


Oral Questions and their Answers 


1. Whatdo you mean by the term 'galvanometer resistance’ ? 


By the term ‘galvanometer resistance' we mean the resistance of the 


coil of wire, which may be fixed or free through which current to be 
measured flows. 


2. Whatisthe harm if you shunt your galvanometer to reduce its 
deflection ? 


In that сазе we Set the resistance of the shunted galvanometer 


(258) and not the resistance of the galvanometer Siono; 


3. When do you expect no change of galvanometer deflection on 
pressing the key K, and why ? 


When the conjugate condition viz. 573 is satisfied we expect no 


change of initial galvanometer deflection on pressing the key К, ; for 
in that case, there will be no eurrent in the branch CD whethor the key 
К» is kept closed or open causing no change of current in the four 
arms of the bridge and hence no change of galvanometer deflection. 


4. What wil happen if the battery is directly connected in the 
bridge between А and B ? 


Ав the galvanometer deflection cannot be reduced by shunt, the 
application of the full E. М.Е. of the cell in 
more than full-scale deflection of the spot of light. 


5. 
light ? 


the bridge will produce 
Why do you make an initial full-scale deflection of the spot of 


Sensitiveness of the method will increase if greater current is 
passed through the bridge. Hence maximum current required to make 
a full-scale deflection of the spot of light was passed in the bridge. 


6. What is the best 


method of measuring the galvanometer 
resistance ? 


Galvanometer IeSistance is best messured by clamping its coil and 
placing it in the fourth arm (BD) of the P. O. box while & second 
galvanometer should be placed in the arm CD to detect the balance. 
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31. Measurement of the internal resistance of a cell by 
Mance’s method (as modified by Lodge). 


Theory: The principle of Wheatstone bridge as adopted 
in Р.О. box may be employed to find the internal resistance of 
a cell The cell whose internal resistance (X) is required is to 
be placed in the fourth arm 
BD otthe bridge while an C 
ordinary tapping key К, is 
to be placed in the branch 
AK,B where usually a bat- 
tery is connected [Fig. 57]. 
The galvanometer G is con- 
nected as usual in the branch 
CD through a condenser F 
which eliminates steady cur- 
rent in the galvanometer 
circuit. 


A permanent potential 
difference exists between 
A and B as well as between 
C and D. So long as tlie conjugate condition is not satisfied 
the opening or closing cf the key К; will cause a change in the 
potential difference between C and D. This change of potential 
difference between C and D will alter the charge on the conden- 
ser plates producing a momentary Kick in the galvanometer. 


Tig. 57 


When the conju, ition, vi P R MMC 
n the conjugate condition, viz., Qro Xin is satis- 


fied the potential difference existing between C and D will be 
independent of that existing between А and B. Hence the 
closing or opening of the key К, will cause no change in the 
potential difference between C and D producing no kick of the 
galvanometer. 


The experiment then consists in adjusting the resistances (R) 
in the third arm of the Р.О. box until there is no galvanometer 
kick on closing or opening the key K;. 
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Connection of the apparatus: The details of the plan of 
connections are shown in Fig. 58. 


(i) The cell of internal resistance X is connected through a 


plug key К between B and D, which is the fourth arm of the 
bridge. 


Fig. 58 


(ii) The galvanometer С and the condenser F (of about 1/3 
microfarad capacity) are directly connected between C and D 
without including the key К, of this circuit. 


(iii) A thick wire is connected between B and ‘q’ by which 


the key K, alone is included in the branch BK,A where a battery 
is usually placed. 


Procedure : (i) At first resistances 100 and 100 ohms are 
respectively inserted in the two ratio arms P and Q of the P. O. 


box and then the key K is closed. 


[N.B. In the case of a Daniel cell, whose internal resistance 
is high and in which polarisation is absent, the resistance in the 
Tatio arms should be 10 and 10 ohms. 
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On the other hand, if the internal resistance is low or the 
cell polarises easily the initial resistances in the two ratio arms 
should be high making each equal to 100 ohms], 


(ii) The resistance in the third arm is made zero and 
then infinity and on closing the key К, in each case we shall find 
an opposite kick of the galvanometer spot oi light. The resis- 
tance in the third arm is then increased from zero value until for 
a particular value R, there is no kick of the galvanometer spot 
of light on closing or opening the Ку. The resistance of the cell 
is then given by, х=@в, = 1098, =R, ohms. 

(iii) If, on the М hand, we get opposite kick of the 
galvanometer spot of light with resistances Re and (R,+1) in 
the third arm then P should be made 1000 ohms while Q should 

still be kept equal to 100 ohms. The resistances in the third arm 

are then changed between 108, and (10 R,--10) until for a 
particular resistance R; we get no kick of the galvanometer spot 
of light, on closing or opening the key Ку. The resistance of the 

cell is then given by, 


100 100 p = Rs 


300929 ^ 1002" 


х=9в,= 


(iv) If for the ratio, 9. 100 we get opposite kick of the 
P 1000 

gavanometer spot with resistances R, and (R,+1) then О 
should be made equal to 10 ohms while P should be made equal 
to 1000 ohms and a suitable resistance Rs, between 10R, and 
(10R,+10) should be found out for which there will be no kick 
of the galvanometer spot of light, on closing or opening the key 
Kı. The resistance of the cell is then given by, 


10 
um 1009757 У 


Experimental data : 


[Make a table similar to the TABLE І of Expt. 29 and intro- 
duce the following changes there :— 


(i) In the heading of the 6th column write ‘Direction of 
galvanometer kick’ instead of ‘galvanometer deflection". 


154 A TEXT-BOOK ON PRACTICAL PHYSICS 


(ii) Write X in place of ғ, in the first column. 
(iii) Omit the columns containing r», №, and R;]. 


Precautions: (i) If the celi polarises easily then the 
initial resistances in the ratio arms should be made each equal to 
100 ohms so that the polarisation may be minimum. Higher 
resistances in the ratio arms also reduce the current strength in 


the circuit by which both the resistance coils and the cell are 
saved from damage. 


(її) The wire employed to connect the cell in the fourth arm 
of the P. О. box must be Short and thick, otherwise a resistance 
higher than the battery resistance will be measured. 


(iii) Greater Changes of potential difference and hence 
greater kick of galvanometer spot will occur when the current 
flowing in the branch BK,A on closing the key K,, is large. Hence 


to ensure greater sensitiveness, the wire connecting B and ‘a’ 
should be thick and short. 


Oral Questions and their Answers 


1. What do you mean by the term ‘internal resistance of a cell’ ? 

When current flows within the cell from the low to the high poten- 
tial plate, the medium existing between the plates offer, 
resistance known as tho ‘internal Tesistance of the cell,’ 

2. What factors determine the internal resistance of a cell ? 

The factors which influence the internal resistance of a cell are, 

(i) conductivity of medium existing between the plates, 
(ii) area of the immersed portion of the plates, 

(iii) the distance between the plates, 

9. What do you mean by the term 'Polar 
are its remedy ? 


to the current 


isation of the cell’ and what 


Н+ ions which deposit on the neutral layer of н, 
the high potential plate produce an E.M.F. which is o 
main E.M.F. Causing a decrease of current strength. Th 
cell is known as ‘Polarisation’, 

It is removed by (i) chemical means—in which H 
the high potential Plate are converted to water by some oxidising agents, 
such as MnO,, conc. HNO, ete. (ii) Electro-chemieal means—in which 
ions of the same metal as that of the high potential plate are deposited 


deliver their charges to it instead of 
any Н+ ion. This is employed in Daniell cell. 


molecules on 
Pposite to the 
is defect of the 


2 Molecules on 
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4. Whatdo you mean by the term E.M.F. of a cell and what are 
constant cells ? 

The E.M.F. ofa cell is the 
the two plates of the cell when 


potential difference that exists between 
the plates are not joined externally by 


a wire. 
Constant cells sre those whose E M. 
a current is drawn from them. Daniell cell, Storage cell are examples of 


F's remain constant even when 


constant cells. 


5. Does th 
of the cell ? 

No ; only the i 
E.M.F. of a cell depends O 


e Е.М.Е. of a cell depend on the dimensions of the plates 


the cell depends on its dimensions. 


nternal resistance of 
ture of the materials with which the 


n the па 


call is constructed. 
6. What is the mechanism by which each plate of the primary cell 


acquires & potential ? 
When the plates of a cell are introduced into the exciting liquid, each 


and hence 9 potential by the transference of ions 
to the exciting liquid or from the exciting liquid 


y of osmotic &n 


П 


plate acquires & charge 
either from the plate 
to the plate due to the inequalit; 
potential which each plate acquires is known 88 

7. Why do you connect ‘B’ and ‘a’ by 8 thick wire? The change 
of P. D. between C and D and consequently the magnitude of the kick of 
the galvanometer spot depends on the change of current in the circuit 


BK,A when the key Ж; js closed. Hence B and ‘a’ are joined by & low 


resistance ihick and short wire so that thé change of current on closing the 


à solution pressures. This 
electrode potential. 


key Kı шау be greater. 


1. What will you а 
In that case, а уёгу high resistance is to 
galvanometer to reduce its deflection to t 
of observing & kick of the galvanometer spot we 8 
anometer deflection on closing the key Ky. 
e of a cell constant ? 


f a cell depends on the current in it. 


o if the condenser is not available ? 
be joined in series with the 


he desired value and instead 
hall see a change of 


galvi 
9. Isthe internal resistance 
No, the internal resistance o 


32. Determination of the end-corrections of the metre 


bridge wire. 


Theory : 
exist at each end o 


istances of the coppe 
f the wire, (iii) non- 


In the metre bridge apparatus, small resistance 
f the bridge wire due to (i) not negligible 
r strips at the two ends, (ii) bad soldering 


res 
coincidence of the two ends 


at the two ends o 
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of the wire with the zero and hundred marks of the metre scale. 
These resistances at the two ends of the bridge wire are known 
as the end-errors of the metre bridge wire. 


Let the resistances which exist at the left and right end of 
the wire be respectively equal to the resistances of lengths2, and 2» 
ems. of the bridge wire. If two known resistances P and Q of 
ratio, r=P/Q be respectively inserted in the left and right gaps 
of the metre bridge and a null point is obtained at a distance 1 


cm. from the left end of the wire then by Wheatstone bridge 
principle, 


ee ra 3 jo (6) 
"7" 0710-1, +45 Si E 
^ 


Let now the resistances P and Q in the left and right gaps 
be interchanged and a new null point is obtained at a distance i; 


cm. from the left end of the wire. When we again get, 


1 Q9 le a 


eT Lu m gy О) 


Ву solving the relations (1) and (2) we get, 


As o ata УКЫ ЧЫ 8 T ы (@) 
LIST 


rly — 1 
= — -1 $5 600 
3% P 00 hog (4) 


By employing the relations (3) and (4) we can find ay 
and 4s. 


Connections of the apparatus: If the metre bridge is 
provided with four gaps then the two extreme gaps С, and С, 
should be tightly closed by two copper strips, while resistances P 
(=10 ohms) and О (=:1 ohm) are to be inserted in the two 
middle gaps G, (towards left) and G; (towards right) respectively 
|... The ratio r-=P/Q=10 : 1]. A battery B’ is connected to the 
binding screws B, and B, through a commutator C. One terminal 
of the galvanometer G is connected to the binding screw Bs while 
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the other terminal is connected to the jockey J which can slide 
over the bridge wire 48. The plan of connections is shown in 
Fig. 59. 


Tig. 59 


Procedure : (i) The jockey J is first put in contact with 
the end A and next with the end B of the bridge wire AB. When 
we shall observe opposite deflections of the galvanometer. This 
shows the correctness of the connections of the apparatus. 


(ii) By trial tke null point is obtained at one end of the 
wire at a certain distance from the left end. This null point is 
determined both for direct and reversed currents and let the mean 
distance of this null point from the left end be /, ст. 


N.B. [Null point will be shifted towards that gap of the 
bridge in which the resistance inserted is lower]. 

(iii) The resistanes P and О in the gaps Сз and Сз are now 
interchanged and a new null point is obtained at the other end of 
the wire both for direct and reversed currents. Let the mean 
distance of this null point from the left end of the wire be J, cm. 

(iv) Knowing l; le, and the ratio. г (=P/Q=10) we can 
calculate X and à from the relations (3) and (4) respectively. 

(v) The experiment is repeated to find ^, and ^» with 
other ratios of P and О (say r=P/Q=20: 1;r = Р/0=30 :1). 
The mean values of ^ and àz are then found out. 
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Experimental data : 


| Я E a ые Null paints in еш. р Е 8 8 
4 2 c 
3/33 | $93 т $|8|s|s 
«| Яя Е | зя [т zh ЕП all o 
© folc aS ё 29 2a я je "|n d 
S| Sé | $8 Helse] в || 7 8|8 
A| “S б % IS 5 3 A sis 
P=10 | Q=1 S) 
1 r=10 
Q=1 | P=10 (la) 
| 
P-90| 0-1 (4) 
2 т=90 | 
Q=1 | P=20 (la) 
P=30 | Q=1 ss see 04) 
3 т=80 3 
Q-1 | P-80 eMe 9.12 
—————————————————D 


Calculations : 


i nth. tee == 1 OM, 
ЭР 
Meg =. = м. вш, 


Precautions: (i) P and О should never be made equal in 


that case there will be no appreciable change of null point on 
interchanging the resistances. 


(ii) Connections of resistances P and О in the two gaps 
should be effected by thick and short copper wires. 

(Ui) If a mirror galvanometer is employed then it should be 
shunted by a low resistance before the null point is attained. 
When approximate null point is obtained the shunt may be re- 
moved to increase the sensitiveness, if it is found to be necessary. 


Oral Questions and their Answers 


1. Why do you call your apparatus as matre bridge ? 


Because in this form of Wheatstone bridge a uniform wire of one 
metre long is employed. 
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2. What is the end-error of the metre bridge ?—[See Theory] 


8. Is it necessary that the wire should be of same material and uniform 
cross-section ? 


Yes; for the resistance of a wire of length Z and cross-section « is 
given by R=Si/x. When the specific resistance S of the material of the 
wire and its cross-section « are constants, the resistance of the wire will 
be proportional to its length, which is assumed here for the Purpose of 
calculation. 

4. Will the null-point obtained for the given values of P and Q 
change if your bridge wire be replaced by another uniform wire of different 
material and cross-section ? 


No; as the resistance per unit length p remains the same throughout 


$ Eo d 1 < 
th the relation ==? _ ins inde- 
the whole length of the new wire, the relation 000027 remains inde. 


pendent of the value of o. 
5. Is it necessary to put a resistance in series with the battery ? 


If the battery be of low resistance and capable of sending a strong 
current in the circuit (such asa storage cell) then the current in the 
circuit should be reduced by inserting a series resistance in the battery 
circuit so that the resistence coils and their insulations may not be 


damaged, 
6. 1f in spite of the correct connections of the apparatus, you observe 


the galvanomoter deflections in the same direction at the two extreme 
ends of the wire, then what should be your conclusion ? 


In this case, one of the resistances in the two gaps of the bridge is 
too large in comparison with the other. -If the null point is observed 
beyond the right end of tho wire then the resistance inserted in tho 
left gap is too high which should be changed to а suitable lower 


value. 
7. When the bridge becomes most sensitive ? 


The bridge becomes most sensitive when the resistances in the four 
arms of the bridge are equal. 
8. Can you employ your metre bridge to measure a very high 


resistance ? 
No, when two high resistances are inserted in the two gaps of the 
‘metre bridge, practically the whole current flows through the bridge 


wire causing the bridge much more insensitive. 
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33. Determination of the resistance of à. given wire by 
applying Wheatstone bridge principle and adopting end cor- 
rections and hence to find the specific resistance of the mate- 
rial of the given wire. 


Theory : If R be the resistance of a wire of length L and 
diameter d, then its specific resistance S is given by the relation, 


L 
= "ri CAD Jen mo 100) 
Measuring R by a metre bridge, L by a scale, and d by a 
screw gauge, $ can be found out. Resistance can be determined 
by the application of Wheatstone bridge principle adopted in metre 
bridge, viz., 
Res. in the left gap 
Res. in the right gap 
1 [length of the bridge wire from left] +), (2) 
= (100—1) [length of the bridge wire from right] +a, `” 


Here the end errors at the left and right ends of the bridge 
wire are equivalent to the resistances of 2, and л, cms. of the 
bridge wire. To find 2,and àa. two unequal resistances P and Q 
(of ratio, r—P/Q) are to be respectively inserted in the left and 
right gaps of the metre\bridge. Ifl, cm. be the distance of the 
null point from the left end, with P and Q in the left and right 
gap resptctively and lə cm. be the distance of null point when 
P and Q are interchanged in the gaps, then it can be shown that, 


aues ule cem. ae (8); „= (115-100) em. ... (4) 
7-1 ipi 


Connections of the apparatus: If the apparatus is pro- 
vided with four gaps then two extreme gaps G, and С, of the 
apparatus should be closed by copper strips. When determining 
the specific resistance of a wire of unknown resistance R, the 
wire should be connected to the left С» while a resistance box 
P, containing fractional ohms, should be connected to the right 
gap G; (Fig. 60). А battery is connected through a commutator 
C to the binding screws existing just outside the gaps Gs and Gs- 
One terminal of a galvanometer is connected to the jockey J while 
its other terminal is connected to the binding screw existing 
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at the middle of the copper strip L;. If a mirror galvanometer 
is employed, then a rheostat should be joined in series with the 


Fig. 60 


battery and the galvanometer should be shunted by a low resis- 
tance. Usually a Leclanche's cell and a portable galvanometer 
will serve the purpose. The connections are shown in Fig. 60. 


Procedure: (i) Before inserting the unknown resistance 
(R) and the resistance box (P) in the gaps G; and G; respec- 
tively, the two resistances of value 109 (=P) and 19 (=Q) are 


_ inserted in the left and right gaps (gaps С» and С: respectively ) 


of the metre bridge and the positions of the null point with 
direct and reversed currents are found out, and then the mean 
of these two null points(/,) is determined. The resistances in 
the two gaps are then interchanged and in a similar manner 
mean null point (l) is determined. Knowing l, ls and r-(P/Q 
—10: 1), 4, anda, are calculated from (3) and (4) respectively. 
Again the values of д, and лаге found out by repeating the 
experiment, first with 20 9 (=P) in the left gap and 10 (=Q) 
in the right gap (when r=P/Q=20) and then with P and Q 
interchanged. The mean values of 4, anda, are found out from 
these two sets of observations. 


(ii) About 1 cm. length of the given wire at its two ends is 
bent at right angles to the rest of the wire. When this given wire 
11—». X 
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is to be joined to a gap, these bent portions at the two ends are 
to be kept inside the binding screws. When the length of the 
wire is to be measured, the distance between the two bends should 
only be measured and these two bent portions (each of about 1 
cm. long) at the ends should be omitted. 


(iii) The unknown resistance (R) is now put in the left gap 
while the resistance box (P) is put in the right gap. Resistances 
in the box P are altered to introduce different resistances in it, 
at which null points are obtained at about 45 cms., 50 cms. and 
55 cms. of the bridge wire. In each case null points are noted 
both for direct and reversed currents. 

(iv) The unknown resistance R and the resistance box P are 
then interchanged and the above three resistances are inserted 
in the box in order, and null points are noted both for direct and 
reversed currents. The resistance which gave null point near 45 
cms. in the former case, will now give the null point near about 
55 cms. after interchange. 

(v) The value of the unknown resistance is calculated in 
each case by the relation (2) and the mean (R) is obtained. 


(vi) The length (L) of the wire between the two bends is 
measured by a metre-scale (ze. ihe length of the wire is 
measured by omitting about 1 cm. bend at each end). 


(vil) 'The diameter (d) of the wire is determined at various 
places by a screw gauge and ihe mean value is taken. 


Experimental date : 
(A) To find X and Ag :— 


TABLE I 


[Make a table as in the case of expt. 32, with two ratios, 
viz., P/Q—10 and P/Q—20 only.] 


(B) Length (L) of the wire :— 
Distance between the two bends at the ends= * *** +++ 


{ i pate =...сш. 
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(C) Diameter (d) of the wire :— 
TABLE П 
[Make a chart for the screw gauge as is given on p. 20. 
Part I and measure diameter at least in six different places. | 
(D)« Determination of the resistance (R) of the given 
wire :— 
TABLE Ш 
[Numerical figures in the table are jor illustrations only]. 


7 a ER Null points in cm. (2) e E 
2 > іа. with, д * к 
a Were es mee атава 
3 92 8 EE 888 ачаб 
о S25 5700 ә | За Бад 4 wax 
5 |258 | $25 | 38 88| аң CERES A 
El of $8 в 5 zu = 
83 | аа ав ЕЕ 22 аав" 
eS 
=“ 
— 1m1 
(unknown)| (known) 
15 R ael 45°1 | 451 451 |9035 
')2. " 
8. \ ” ux 
(known) |(unknown) 
ohm. - ст 


Calculations : 
(a) A, and Ag calculations :— 


_=һ=тїз P = 

тт M 
ly —le _ 

Аата 1009. = .. om, 


(b) ‘R calculations : 
Formula is, 


Res. in the left gan T+A 
Res. in the right gap ~ 100-24 Ne 
(i) IRE улсын ые ohms, 


(ii) ‘ete, Sustain: S 
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is to be joined to a gap, these bent portions at the two ends zm 
to be kept inside the binding screws. When the length of the 
wire is to be measured, the distance between the two bends should 
only be measured and these two bent portions (each of about 1 
cm. long) at the ends should be omitted. 


(iii) The unknown resistance (R) is now put in the left gap 
while the resistance box (P) is put in the Tight gap. Resistances 
in the box P are altered to introduce different resistances in it, 
at which null points are obtained at about 45 cms., 50 cms. and 
55 cms. of the bridge wire. In each case null points are noted 
both for direct and reversed currents. 

(iv) The unknown resistan 


ce R and the resistance box P are 
then interchanged and the abo 


ve three resistances are inserted 
in the box in order, and null points are noted both for direct and 
Teversed currents. The resistance which gave null 
cms. in the former case, will now 
55 cms. after interchange. 


(v) The value of the unk 


nown resistance is calculated in 
each case by the relation (2) 


and the mean (R) is obtained. 


(vi) The length (L) of the wire between the two bends is 
measured by a metre.scale (2. 


ihe length of the wire 
measured by omitting about 1 €m. bend at each end). 
(vii) The diameter 


Places by a screw gauge 


is 


(4) of the wire is determined at various 
and ihe mean value is taken, 
Experimental data : 


(A) To find A, and Ag 


TABLE I 
[Make a table as in the case of 2 
ү e expt. 3 Wi twi 1 
jm / 1 j ] р! » With O ratios, 


(B) Length (L) of the wire :.— 


Distance between the two bends at the ends: se es 
rep ELS: 


—..Cm. 
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(C) Diameter (d) of the wire :— 
TABLE II 
[Make a chart for the screw gauge as is given on p. 20. 
Part I and measure diameter at least in six different places.] 
(D)« Determination of the resistance (К) of the given 
wire :— 


TABLE Ш 
[Numerical figures in the table are jor illustrations only]. 
h a.& aa Null points in em. (7) щ 8 
© я BR i Я ы 
ЕЕЕ ус ЗЕЕ 
5 | #28 | 8338 | alga] 2, АЕ 
3 mo cu 2 o 
$| 3:5 | $s* | 22) БЕ) 58 Pes = |р о 
as aa 58 5 B| x8 a E ej 
(unknown)| (known) 
als R 11 45°1 | 461 461. |9035 
2. ” 
8. \ » 5 
(known) |(unknown) ohm. = cm. 
4. vis R 545 | 545 54'b |'9183 


Calculations : 
(a) A, and Aq calculations :— 


ah = 118 I = eee 
(Rae em. 
rly = 18 79 ER RR 
dg 200 = cm. 
PU Til - 
(b) ‘R calculations : АШАЙ ЛҮ 
Formula is, 
Res. in the left вар _ THAL 
Res, in the right дар 100-2 As 
OARE EE ета 95 OS. КАШГ imt 


(її) 'etc. 
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(с) Sp. res. calculation :-— 


sormi + = -e (ohm.-em.) 
4 


Precautions: (i) The diameter of the wire should be 


measured very carefully after proper consideration of the instru- 
mental error of screw gauge. 


(i) To have minimum proportional error in the measure- 


ment of R, the null points should lie between 45 and 55 cm. of 
the bridge wire. 


(Ui) The plugs of the resistance box are to be kept tight by 
twisting the head of the plug. 


(iv) Battery key should be kept closed so long as it is 
required, otherwise unnecessary heating will change the resis- 
tance of the circuit. 

Oral Questions and their Answers 


1. Define Specific resistance and state its unit.. 

Specific resistance of a material is the resistance of the material of unit 
length and of unit area of cross-section. Its unit is (ohms-em.). 

2. Does the spesifio resistance of a wire change with its (i) length, 
(ii) diameter, (145) material and (iv) temperature ? 

Specific resistance of a given material does not change with length or 
diameter of the wire, for in the definition, the resistance of the material 
having a fixed dimension is called вр. resistance. Buts 
with the material and for the same material it is 
temperatures. 

9. In measuring resistance, why do you (i) 
within the range of 45 to 55 oms., 
the gaps ? 

(i) It сап be shown by calculus that when the 
or near about 50 oms. of the bridge wire, the p 
measurement of the unknown resistance will be min 


р. resistance changes 
different at different 


maintain the null point 
(i) interchange the resistance in 


null point is kept at 
roportional error in the 
imum. 

[See item (b) Part I. p, 4] 
I arising out of the non. 
With the actual Point of 
due to non-uniformity of 


(ii) Interchange is made to eliminate the erro 
coincidence of the index mark on thé jockey 
contact of the wire. It also minimises the error 
the bridge wire. 

4, Why do you note the null point with direct 

To eliminate the effect of thermo-current 
to the existence of junctions of different m. 
will flow when & temperature difference will b, 
junctions. 


and reversed currents 1 

if any in the Circuit, Dus 
aterials, a thermo-current 
9 established between the 
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5. Will you get an accurate result with a long or with a short 
wire ? 

Long wire is desirable for a small error in measuring the resistance or 
length will not affect the result materially. 

6. What is the end error of the metre bridge. 

[See the ‘theory’ of Expt. 32]. 

7. Does the resistances of the battery or galvanometer affect your 
result? No. [See Ans. of Q. 4 Expt. 29] 

8. What do you mean by the term conductivity of a material ? 

It is the reciprocal of sp. resistance and its unit ie, (002-1 — ст.-1). 


34. Determination of the average resistance per unit 
length of the metre bridge wire by Carey Foster's method. 


Connections of the apparatus : The plan of connections 


is shown in Fig. 61. А resistance box (X) is connected to the 
extreme left gap G; while a copper strip (Y) is joined to the 
extreme right gap G;. 


Two resistance coils R; and Re (each equal to 1 ohm.) are 
respectively joined to the gaps Ge and Gs. Terminals of the 
battery (usually a Leclanche's cell) are joined to the two binding 
screws just outside the gaps G: and Сз through a commutator. C. 

The terminals of the galvanometer (usually a portable one) 
are joined to the jockey and to the binding screw at the middle 
of the copper strip Ls. Ifa mirror galvanometer is employed, then 
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a rheostat should be joined in series with the battery and a shunt 


should be joined in parallel to the galvanometer to save the galvano- 
meter from damage. 


Theory: Let the null point be obtained at P at a distance /, 
from the left end of the wire, when connections are made with a 
certain resistance X in the extreme left gap G;, copper strip Y in 
the extreme right gap G, R, in the вар С» and R, in the gap 
G;. Hence we have, 


B. XEN t+lip (1) 
Re Y+ As +(100- 1,)p is Род 


Неге A, and 3, аге the end corr 
ends of the bridge wire and p is the 


ofthe bridge wire. The relation (1) 


ections at the left and right 
resistance per unit length: 
may be written as, 


е ИА (9) 
RitR, X*Y-2,A, +100p vx 
When X and Y are interchanged, let the null point be shifted to 
О at a distance l, from left. Proceeding аз before we may 
similarly write, 
В, it Yra,+ lap : 
В.+В. X+¥+4,+1,+1000 ИДЫ, 


From (2) and (3) we may write, 


X*Xcthp-Yti +1, . 
Pii M у, бл ! 
7221. 9 Tesistance Y of copper strip is practically 
zero and hence, 
x 
1-1, "ue (4) 
If the copper strip Y is first Placed in the left gap (instead 
of the resistance X) and the tesistance X in the right gap, then 
p=X/llı — lə). Hence we may write p FXS) 2. (B) 
The equation (5) may be employed to find p, the resistance: 
per unit length of the bridge wire, 


or,p= 


p= 


Procedure: (i) Two resistances (each equal to 1 ohm.) are 
inserted in the two middle gaps G, and G,, at first, zero resistance 
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is inserted in the resistance box (X) in the extreme left gap С,; 
so that the resistances in both the extreme gaps G, and G, are 
zero. This time we should get the null point near the middle of the 
wire (for, Ё,=Ё,«=1 ohm). If instead of getting the null point 
at the middle, we get it at a point after crossing one end (say 
right end), then we infer that the resistance R, in G; (the left of 
the two middle gaps) is wrong which should be changed. Thus 
by ascertaining the correct conditions of the apparatus, a suitable 
resistasce X is applied in the resistance box inserted in the gap 
G, (extreme left gap). 


(ii) Now resistances inserted 1п the box X are changed until 
the first null point is obtained at a point which is 2 to 5 cms. 
from the end (the null point will be on that side, at which the 
resistance box X is placed). The null points are noted both for 
direct and reversed currents and their mean value is found out. 


(iii) Now the resistances in the box X are to be altered in 
steps to shift the null points by steps of about 5 cms. towards the 
middle and in each case the null points are noted both for direct 
end reversed currents and their mean value is found out. Four 
such observations are made when the resistance box X is in the 
extreme left gap С, only. The distance of last null point should 
not exceed 20 cm. from the left end of the bridge wire. 


(iv) Now the resistance box and the copper strip in the 
two extreme gaps are interchanged and again four different null 
points are noted, both with direct and reversed currents, by 
inserting those resistances in the box X serially as they were 
inserted when the box was in the gap С, and the copper strip was 


in the gap Су. 


КУЛ is'calculated by using the relation (5), from each pair 
of null points, obtained for a particular resistance introduced in 
the two extreme gaps alternately. The mean of several values 
of P obtained from different pairs of null points is the average 


resistance per unit length. 
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Experimental data : 


[Numerical figures in the table are Jor specific illustratios only]. 
R,=R;= 1 ohm. 


, EE Null points in om. = E 
2 applied in, wit HT cts Hie 
Q of 8] ©з 
°  lextreme|extreme | 58 | E 8 Ec ЕЕ) 
E loft | right | $8 | 88| # Waa) SB 
бар | вэр. (32/58) 3 а E 
(а) |21 (х)| о 4 | 42 |41(1) 
1, —[L——|——— |__| 92 |022 
(| о 21(X) | 96 | 96-2 |961(1,) 
(a)| 1:8(x)| о 91 | 98 | 99(4) 
20 82 | ‘022 
()| o 18(Х) | 913 | 913 |912 (1) 
(a) 
8. ж MINA RE 
(b) 
ee re МДҮ, 
(a) 
4 ==. f 
| 
(b) | | 
LIEN. | 


NB [ Observations (a) are taken first. 
pu Observations (5) are taken mee] 
Calculations : 
: TN. 21 E 
(i) p т сла) IAS 022 ohms per em, 

(ii) etc. 

Precautions: (i) At the beginnisg, both 
be made zero to see whether the null point is 
of the bridge wire (when Ri1—R;). 
beyond the extreme right end of the 
tance R, is wrong and vice versa. 


X and Y should 
near the middle 
If the null point is found 
bridge wire, then the resis- 
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(ii) The ratio of the two resistances R; and Rẹ should be 
equal to one or nearly equal to one, otherwise null points may not 
be obtained within the bridge wire. For greater sensitiveness of 
the bridge, the value of each of the two resistances R, and R, 
should be equal to one ohm. 

(iii) For first observation, the value of X should be so 
chosen that the two balance points should be very near to the 
two ends of the bridge wire. By this (l,—1,) would be greater 
and more accurate value of р, would be obtained. For the suc- 
cessive observations, the value of X should be altered so as to 
shift the null point gradually towards the middle of the wire by 
steps of about 5 cm. but riot exceeding 20 cm. 


Oral Questions and their Answers 


1. Can you perform your experiment with two unequal resistances of 
any ratio inserted in the two middle gaps ? 

If the resistance R, in the gap ©, be very high in comparison with 
the resistance R, in the gap (у, then the null point will shift towards 
that end of the bridge wire (left end) at which the low resistance R, 
is situated even when X and Y are kept at zero value. If the resistance 
box X having some resistance be placed in the gap ©, while zero 
resistance be placed in the gap G, the null point will bo further shifted 
towards the left end and no null point will be obtained in the bridge 
wire. Thus the experiment cannot be performed with any ratio of R, 
and Rẹ. Hence the ratio of Ry and №, should be 1 or nearly 1 having 
each individual iesistance a value nearly equal to that of 50 cm. length 
of the bridge wire i.e. nearly 1 ohm. so that the bridge may be sensitive 
due to the existence of nearly equal resistances in the four arms of the 
Wheatstone bridge. 

2. Will the presence of end error in the bridge, affect your result in 
any way ? 

It is evident from the theory that p is independent of the end 
errors. 

3. Why do you prefer в longer length between two null points 
obtained before and after the interchange of resistances in the two 
extreme gaps ? 

As p is not the same at all parts of the wire, greater accuracy in the 
average value of resistance per unit length will be obtained, if longer length 
is covered between two null points. 

4. How is the resistance per unit length (p) of the wire, related to its 


specific resistance (S)? 
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The relation between p and S is given by, =$, where d is the dia- 


meter of the wire. Thus by measuring p and d, we can find S and vice- 
versa. The increase in the diameter (d) of the wire will cause a decrease 
in the resistance per unit length. 

5. Why do you note the null points with direct and reversed 
currents ? 


To eliminate the effect of any thermo-current flowing in the 
circuit. 


6. What is the harm, if p is determined by measuring resistance of 
tho bridge wire by a P. O. box and dividing that resistance by the length 
of the wire ? 

The method is not accurate but only а rough method. For accuracy. 
Carey-Foster’s bridge method should be adopted. 


7. Does the value of determined by you is the same at every: point 
of the wire ? 


Usually not, for the wire cannot be accurately uniform. What we 
measure is the average resistance per unit length. 


8. Can you compare two nearly equal resistances by this method ? 
If во, what is the limitation ? 


Yes; from the theory we see that (X—Y)ep(l,—1, and hence 
knowing р and determining ls and l, we can find the small differenc » 


between two Tesistances X and Y. Thus the method is useful for the 
standardisation of а given resistance. 


The difference between the 


two resistances must be below the total 
resistance of the bridge wire, А 


35. Comparison of the val: 


1 ues of two low resistances by 
the drop of potential method, 


Connections of the apparatus : 
is shown in Fig. 62. Two low resistanc 
with current and potential leads, are ге 
gaps С; and С» of the metre bridge. 
C; of X are connected to the binding 
the gap G, while its potential leads P, ang P, are respectively 
joined to the binding screws А and B of the four-way key. The 
current leads C; and Cs of R are connected to the binding screws 
on tde two sides of the gap G2, while its potential leads P, and 
P, are respectively joined to the binding screws C and D of the 


The plan of connections 
es X and R, provided 
Spectively inserted in the 
The current leads C; and 
screws on the two sides of 
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four-way key. The connecting wires from C; and Cs, which are 
joined to the metre bridge should be long enough to get the 
balance points for 4 and D just at the extremities of the bridge 
wire. Sometimes due to the-presence of sufficient resistance at the 
soldered ends of the bridge wire, the potentials corresponding to. 


9 Rh 
1 AN 


Fig. 69 


P, and P, go outside the bridge wire. In this case, the connecting 
wires from C, and Cs should be made long enough to bring the 
null points corresponding to Р, and P, just at the ends of the 
bridge wire. 

The galvanometer is joined between the jockey and the 
binding screw Gof the four-way key. The battery (preferably 
two alkali cells in series) is connected to the binding screws B, and 
В; through a series rheostat Rh having a sufficient resistance and 
a commutator M. : 

Theory: Let i, and i; be the strengths of the current 
which are flowing in the low, resistance branch and bridge 
wire branch respectively. As the points 4, B, C and D of 
low resistance branch are equipotentials to the points 4; B, 
C, and D, of the bridge wire branch, we have, t 


di X mdslip)s d, R= iglap). e (1) 
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Here, 1,—4.B.; l,—0,D, and p =resistance per unit 
length of the bridge wire. 
Taking ratio of two equations given in (1), we get, 


X hh. 
z^ т (say) ... po 3-163) 
or, X= R= mR. Jg E oo (63) 
2 


For comparison of two low Tesistances, the relation (2) may 
be applied while for the determination of the value of an 
unknown low resistance the relation (3) may be applied pro- 
vided R is known. 


Procedure: (i) At first the value of the theostat (Rh) 
Tesistance is decreased to such an extent until the bridge is sufi- 
ciently sensitive (i.e. the galvanometer gives a readable deflection 
when the jockey is shifted by about one mm. from the balanced 
position) and the two null points, with direct and reversed 
currents, differ by small amount. 

(ii) By connecting the four points A, B, C, D successively 
to G, the corresponding null points are found on the bridge 
wire both for direct and reversed currents, Let the correspon- 
ding mean null points be at Ai; B; С, and D, which are 
found out and from them, ],(—4, B,) and la (=C,D,) агг 
determined. Thus, X/R is calculated by employing the relation 


X dh, 
B5 

(iit) The resistances X and R are then interchanged i.e. 
R is placed in the left gap while X is placed in the right gap. 
By proceeding as in (i) the ratio iu ог, em iS DOW 
calculated. 

(iv) The operation (ii) and (iii) are re 
the length of the connecting wires from С, and C, slightly, so 
that the null points for А and D may shift а bit away from the 
ends of the bridge wire (i.e. towards the centre of the wire). 
Calculating X/R in each case, its mean value is taken. From 
this mean value of X/R, X can be found out when R is known. 


peated by increasing 


Experimental data : 
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[Numerical figures in the table are for illustrations only]. 
Resistances Баи! 


Д Qa H 
$8 үрүү = <] Balance points о 
НЕ inserted in, $ 8 in orn. with. алы + n 
8 a8 E 
383 EXE $35 | onig RI 
OES i 2423828 Adr: p a 
SEX left right OEHR я sie а 3 
toC) а m B= teal E: © па fenes] 
as gap gap eels E 5 E 3 BE E: 
ЖС ар Y Sam 
8 | =second | B |97- 927:4 | 27:3(B,), =961 | X. 
HUS unknown RW 
В (ог C |8071(304| 30°3(C,), !1,=0,р, 
| | known) ='4 
D |95:5|95'7| 95°6(D,) =65°3 
mall р 
4 TE rang 
— 
R Жанр RL 
D =, 
zx 
R 


Calculations : ° 


< X=mR= .. = doc 


=m; ohms. 


Precautions : (i) Sometimes null points for the two ex- 
treme ends A and D of the resistances go outside the bridge wire. ' 
In that case, the length of wires between С.В, and С-В, should 
be increased to such an extent so as to get the null points for 4 
and D at the left and right extreme ends of the bridge wire 


respectively. 


(ii) For greater sensitiveness, a fairly strong current is to 
be passed through the circuit and hence to avoid unnecessary 
heating, the circuit should be kept closed only for that minimum 
time which is necessary to get a null point and then the circuit 
should be kept open for atleast two or three minutes to find the 


next null point. 
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For this purpose it is convenient to introduce a plug key in 
the battery circuit (not shown in the Fig. 62) in addition to the 
‘commutator. 


(iii) To avoid the error due to non-uniformity of the bridge 
‘wire, the experiment should be repeated by interchanging the 
:two resistances X and R. 


Oral Questions and their Answers 


1. What quantity is measured here and why do you prefer this 
"method to any other available methods ? 


Low resistance is measured here, by the drop of potential method. 
Wheatstona bridge method can be employed to measure moderato 
resistances only but not low resistance due to two reasons: (4) the 
resistance of the connecting wires become comparable with that of the 
resistance to be measured. (ii) Wheatstone bridge becomes very much 
insensitive when the low resistance is inserted in one arm. 


2. It is advisable to send the current in the circuit, only for the 
minimum time during which a null point is determined. Can you 
-explain why ? 


To make the bridge fairly sensitive an appreciable current is to be passed 
-and hence the-passage of this large current for a longer time will heat the 
apparatus, as a result of which the null point will change. 


8. Would you take а long or short wire for connecting the two 
-extreme ends of the resistancas to the bridge ? 


These connecting wires should be just sufficiently long to have the 
null points for the extreme ends of the two low resistances at the two ends 
of the bridge wire. If very long connecting wires are taken, then the null 
points for the extreme ends will be sufficiently shifted from the ends 


in whioh case lı and 7, will be smaller, and percentage of accuracy will 
be less. 


4. Would you prefer a storage cell or any other cell ? 

For greater sensitiveness, a comparatively strong current is required and 
hence a storage cell with sufficient series resistance is perferable to a 
Leclanche’s cell. 

5. Will your result be affected by the ñon- 
wire ? 

Yes ; for we have deduced the formule on the assumption that the 
resistance is proportional to length, which will be true for a uniform 
wire only. 

6. What is your idea regarding the equivalent resistance between the 
two terminals of the battery ? 

The low resistance branch and the bridge wire are joined in parallel 
to the battery and hence the equivalent resistance will be even less than 
the lower of the two resistances in parallel. 

7. Is it desirable to repeat the experiment by interchanging the two 
resistances in the two gaps ? 


uniformity of the bridge 
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Yes, for if the. wire of- the «metre rbridge -be .non-uniform* then the 
atio X/R will be different when they are-interchanged. Hence to &void 
‘the’ error due'to non-uniformity of the wire, resistances should interchange 


the gaps. 

36. Galvanometer and their uses, 

(a) Suspended magnet type. 

All tangent and sine galvanometers belong to this category. 

(i) Single coil tangent galvanometer, 

Description : Ina single coil tangent galvanometer [Fig. 63] 
two or more coils having different number of turns and each 
having separate binding screws 
are wound on a vertical cir- 
cular metal frame capable of 
rotation about a vertical axis. 
"When necessary, one or all 
the coils may be used. At the 
centre of the coil, а short 
magnetic needle, with an 
aluminium pointer, attached 
at right angles to the needle, 
js pivoted. The needle is 
also at the centre of a hori- 
zontal circular scale graduated Fig. 63 
in for quadrants from 0° to 90°. The ends of the pointer 
move over the circular scale. The magnetic needle and the 
pointer are enclosed in a glass case to protect them from wind 
disturbances. 

Adjustments: (7) Levelling screws at the base are ad- 
justed to make the rotation of the needle free and plane of the 
coil vertical. RY 

(ii) The plane of the coil is rotated and brought to the 
magnetic meridian. At this time the magnetic needle will ix 
contained in the plane of the coil and the pointer usually re i 
(0°—0°) of the scale. if not, the box containing the fue Н 
scale should be rotated so that the pointer may read (0—0) ann. Д 
the plane of the coil contains the magnetic needle. The hee 
coincidence of the plane of the coil with magnetic meridian can 
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be tested by sending direct and reversed currents through the 
galvanometer and rotating the scale, at the centre of which the 
needle is pivoted. If the pointer gives equal deflections with 
direct and reversed currents, then the coil is in the magnetic 
meridian. 


Theory : If a current of C amperes be made to flow through 
the coil, the magnetic needle of moment M will be acted upon 
by two couples; one due to earth's horizontal field (H) and 
another due to the uniform magnetic field (F) of the circular 
curtent, produced over a very smal! region round the centre and 
at right angles to the plane of the coil. As the plane of the coil 
is in the magnetic meridian, the two uniform magnetic fields H 
and F will be at right angles to each other and will exert couples 
on the needle in the opposite directions. Hence for equilibrium 
of the needle we must have, 

couple due to the current's field=couple due to earth’s field 

or, MF cos 0—MH sin 0, 
or, F=H tan 6. 


But the field F at the centre of the single coil is given by, 


P= ; where, n=number of turns of the coil, 
a=radius oi the coil. 

277nC 

10a 


= Н tan 0; or, С=10% tan 0 —10K tan ө; 
9mn 

where K= ан —reduction factor of the tangent galvanometer. 

For a given value of C, # will be large when K is small. 

when a is small and n is large. 


The errorin the measurement of current (C) would be 
minimum when the. initial deflection. is kept at 45°. The 


proportional error (9) in the measurement of C is given by, 


DOES 


8C 8(K tan 0) sec*8 80 


с К tan 6 tan 0 


80 _ 980 
С X 920 Ө tee ES a (1) 


от, 
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It is evident from (1) that for a given error in measuring 
the angle of deflection by an amount86,the proportiohal error іп 
measuring C will be minimum when sin 20 is greatest, i.e. 0—45^. 


(ii) Double coil or Helmholtz's tangent galvanometer, 


Description: In Fig. 64, two identical coils having the 
same radii (=a) and the same number of turns (п) are wound 
on two circular frames whose 
centres are kept separated by a 
distance equal to the radius of 
either (a). The two coils are joined 
in series and their centres lie on 
a horizontal line. А short mag- 
netic needle is pivoted at a point 
on the horizontal line joining the 
centres of the two coils and 
midway between them, so that the 
distance of -the needle from the 
centre cf each coil is a/2. A long 
aluminium pointer attached at Tum 
right angles to the needle moves Fig. 64 
over a horizontal circular scale, the centre of which coincides 
with that of the needle. The two coils can be rotated as a 
whole about a vertical axis passing through the centre of the 
neddle. 

Adjustments: Adjustments are {һе same as in the case 
of a single coil tangent galvanometer. , 


Theory: When the moments of the couple due to earth’s 
field (Н) and the couple due to the magnetic field (F) of the 
current in the two coils are equated, we get, 


5 „бан, an 9 = 109-5, TES o= 105/5 К tan’ Ө 


ARTT 16 т 


or, C=10K’ tan 0 ; where g-545 К. Thus the reduc- 
tion factor K’ of a double coil tangent galvanometer Fat es 
than that (=K) of a single coil tangent galvanometer, Hene- 
for a given value of C, the deflection 0 would be large in the 


12—P. Ц 
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case of a double coil tangent galvanometer than in the case of 
a single coil tangent galvanometer. Thus this galvanometer is 
more sensitive than the single coil one. As the needle moves over 
ап aréa having a more uniform field than in the case of a single 
coil gal‘vanometer, the tangent law is fully obeyed in this case. 
So it is rore accurate than the single coil tangent galvanometer. 
(b) iSuspended coil type. 
5t 


This «ype of galvanometer is most sensitive than any other 
galvano,/neter. 


pescription : In this arrangement a rectangular frame (C) 
containing a number of turns of fine insulated coil of copper 
ў wire is kept suspended by 
fine phosphor-bronze strip 
(P) within the concave су- 
lindrical pole pieces (N & 
S) of a permanent horse- 
shoe magnet [Fig. 65]. 
The coil (C) can rotate 
round a soft iron cylinder 
(L) which is placed in 
such a way that its axis 
coincides with the axis of 
the concave cylindrical 
Pole pieces. One end of 
the coil is joined to one 
binding screw through the 
Suspension wire while the 


Abeer, lower end Г 
10 the second binding screw though a phos ПС of the coil goes 


: Tecordin: ; f 
the coil by lamp and scale arrangement. 8 the deflection o 


: s The Й 
closed in а case provided with three levelli Whole thing is en: 


: : Ng screws, e is 
provided with a glass window near the mirror M The cas 
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Adjusiments ; (;) The levelling screws at the base of the 
‘case are adjusted until the coil is free to move [here spirit level 
is unnecessary for levelling purposes]. 


(ii) Light from а Jamp is made converging by a converg- 
ing lens and after reflection of these convergent rays from the 
mirror M, they are made to converge on a translucent scale 
placed at a distance of about one metre from the mirror M. 


Theory : When a current of i e.m.u. flows through a coil 
of п number of turns wound on a rectangular frame of area A 
"which is kept suspended in a radial magnetic field of strength 
Н, the coil experiences a deflecting couple of magnitude AnHi 
which is balanced by the controlling couple due to a twist of ? 
radian in the suspension wire. lf c be the controlling couple for 
1 radian twist in the suspension wire, then for equilibrium of the 
:со we must have, 


deflecting couple—controlling couple 


or, AnHi=cé 
or, i= TC =. 


For a given current і, 6 will be large when —©_ is small 
AnH F 


"Thus by increasing the area A of the coil, the number of turns 
n of the coil, the radial magnetic field strength H of the horse- 
shoe magnet and by decreasing the controlling couple c of the 
‘suspension wire, we can make the deflection 6 large. 


Sensitivity : The suspended coil galvanometer may have 
(1) current sensitivity and (2) potential sensitivity. 


(1) The current sensitivity of the galvanometer is defined 
as the number of scale divisions deflections of the spot of light 
-when a current of one micro-ampere passes through the galva- 
nometer. 


If 80 be the change of deflection caused by a small change 
of current by an amount 8; then current sensitivity is given by 
? 
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Now the current і flowing through the galvanometer is 
given by, 
; б 
0; 
AnH 
Current sensitivity=3? _ An 
1 с 
Thus the current sensitivity of the galvanometer can be in- 
creased by increasing the area (A) of the coil, the number of 
turns (п) of the coil, the strength of the radial magnetic field 
(H) and by diminishing the torsional couple (c) for 1 radian 
twist of the suspension wire. 


1 
As the coil has a large number of turns, its resistance must 
also,be high. Thus a galvanometer having higher current sensi- 
tivity will also have higher resistance. This type of galvanometer 
is necessary where current measurement is to be made, as in the 
case of determination of the figure of merit of the galvanometer. 


(2) The galvanometer will have potential Sensitivity when: 
a small change of potential difference will cause a large deflec- 
tion. Thus if 50 Бе the change of deflection of the galvano- 
meter coil, by a small change of potential difference 8E at its. 


terminals, then potential sensitivity is given by, 89 This will 


Е 
increase when the galvanometer has low resistance. 

For by Ohm’s law (C=E/R), we see that a small change of 
E will cause a large change of C provided R is small, The gal- 
vanometer having high potential sensitivity is véry useful in null 
point determinations. Тһе resistance of such galvanometers. 
should be below 50 ohms, 

Dead-beat and ballistic patiern : 
meter, the oscillations of the coil, 
current, stop quickly due to the generation of induced current 
in the conducting copper frame of the coi] Which oscillates in the 
magnetic field of the horse-shoe magnet, Thus for electro- 
magnetic damping of the coil, the frame on which the coil is 
wound should be made of a conducting material such as copper. 


In a dead-beat glvano- 
„after. the withdrawal of 
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In ordinary work, the oscillating coil should come to rest quickly 
and hence this type of galvanometer is useful. 


If the galvanometer is to be employed for ballistic purposes, 
then all sorts of damping in the coil should be avoided. For in 
this case, we require not the steady deflection of the coil but only 
the first throw of the coil, which will be reduced if the damping 
be present. The electro-magnetic damping as reduced by wind- 
ing the coil on a non-conducting frame, such as bamboo frame, 
and the damping due to air resistance is eliminated by observing 
several successive amplitudes of oscillation of the coil. The 
period of oscillation of the coil should also be large. 


37. Precautions to be taken in using a suspended coil 
-galvanometer. 


(i) The levelling screws at the base of the galvanometer case 
must be adjusted until the coil swings freely within the annular 
air gap between the soft iron cylinder and the concave cylindrical 
pole-pieces without touching any one of them. Here spirit level 
js unnecessary for the purpose of levelling. 


(ii) The lamp position should be so adjusted that the light 
reflected from the mirror ‘is focussed at the centre of the scale and 
strikes it almost normally. For this purpose, the torsion head 
may be twisted. The spot of light should be sharply focussed on 
the scale, and a sharp edge of this spot of light should be made 
coincident with the zerc mark of the scale. When the spot of 
ight is deflected, the reading corresponding to this sharp edge of 
the spot should be taken. 


(iii) A battery should in no case be directly connected with 
the galvanometer, for in that case the galvanometer coil and the 
-suspension wire may burn due to the generation of much heat by 
the flow of heavy current. , 


(iv) A high resistance should be connected in series with 
the galvanometer and a shunt box should be joined in parallel to 
4t. The resistance in the shunt box should be increased gradually 
from zero value until the desired deflection is obtained, 
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(v) In the case of a dead-beat galvanometer, a short-circuit-- 
ing key is unnecessary, for the oscillation of the coil in the magne. 
tic field will be quickly checked by the generation of eddy current 
in the conducting frame, on which the coil is wound. 


If the coil is wound on a non-conducting frame then it will 
oscillate for 2 long time before it comes to rest. To stop this 
oscillation quickly, a tapping key or a plug key (known as short- 
circuiting key) should be joined in parallel to the galvanometer. 
When the spot of light is passing through its rest position, the 
key should be suddenly closed to bring the spot to rest by the 
effect of eddy current generated in the coil itself by its movement 
in the magnetic field of the magnet. 


(vi) Due to the production of a small thermo-current in the 
circuit, the mean of the galvanometer deflections for direct and 


reversed currents should be found out and for this purpose à 
commutator should be employed. 


уй) The deflection of the spot of lieht should be maintained 
between 8 to 16 cms. of the scale, otherwise current will not be: 
proportional to the deflection. 


(viii) Different types of galvanometer are desirable for 
different types of experiment. For null, point work and for the 
measurement of relatively large current, low resistance galvano- 


meter should be employed. Galvanometer resistance should not 
exceed 50 ohms. 


For the measurement of a very small current and a relatively” 
large potential difference a high resistance galvanometer (having 
a current sensibility) is desirable. 


For the measurement of quantity of charge, a ballistic galvano- 
meter (i.e. a galvanometer in which the coil has greater time- 
period of oscillation and that coil is wound on a non -conducting 
frame) should be employed. 


38. Determination of the reduction factor of a tangent: 
galvanometer (either single coil or do 


uble coil). 
Connection of the apparatus : Connections are shown’ 
in Fig. 66. А copper voltameter V, a battery (B) (containing 
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3 or 4 alkali storage cells in series) and a rheostat (RA) are 
all joined in series and connected to the two middle binding 
screws (Cs, С) of a Pohl’s commutator. Care should be taken 
to connect the negative of the cell with the cathode C of the 
copper voltameter. A tangent galvanometer G (either single coil 
or double coil Helmholtz pattern) is joined with ose pair of 
binding screws (C;, С„) remaining on one side of the middle 
binding screws. 


Fig. 66 


Theory: If a current of c amperes be made to flow for t 
seconds through a properly adjusted tangent galvanometer, joined 
in series with a copper voltameter, then this current will produce 
a deflection @ of the tangent galvanometer needle and will also 
cause a deposition of w gms. of copper on the cathode of the 
copper voltameter. Hence we have for the tangent galvano- 
meter. р 

c=10K tan 9 ы к Ser (b 
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where K is the reduction factor of the galvanometer. Again, for 
a copper voltameter, 


w-zct; Or, m Vis * (2) 


where z is the Electro-chemical equivalent of copper in gms. per 
coulomb. 


From (1) and (2) we get, 10K tan == 
2 


ОК E ени. 7. 109) 
10 tan 6. zi 


The relation (3) is used in finding the reduction factor of the 
‘tangent galvanometer. 


Procedure : (i) After making the connections as shown 
in the Fig. 66, the galvanometer is levelled and the coil of the 
tangent galvanometer is rotated to make its plane coincident with 
the magnetic meridian. At this time, the plane of the coil con- 
tains the magnetic needle and the pointer usually reads (0*—0?) 
of the horizontal circular scale. If the pointer does not read 


plane of the coil coincides 
containing the scale is to be 


needle by passing direct and reverse, 
the two deflections with direct an 
then the plane of the coil coincides 


d currents within the coil. Jf 
d reversed currents are equal 
With the magnetic meridian. 
(ii) The rheostat is then adjusted to Pass a suitable current 
through the galvanometer, untii the deflection is 45° (both for 
direct and reversed currents). The current is then made off and 
the cathode of the copper voltameter js taken out and placed on 
apiece of clean paper. Both surfaces of the cathode plate are 
now rubbed by a fine grained sand paper to make the surfaces 
perfectly clean and free from grease. When both the surfaces 
are very clean, fine particles on the plate are brushed off by a 
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clean cotton. The plate is washed in a jet of distilled water from 
a wash bottle and dried thoroughly by holding it under a fan. 
Now the plate-surfaces should no longer be touched by hand, 
mor the plate should be kept on a dirty table. 


(iii) The plate is now carefully weighed in a balance. This 
weighing is to be done very accurately by using a rider. After 
weighing the plate, it is replaced in the position of the cathode 
and both the current and a stop-clock are started simultaneously. 
"When the position of the needle is steady, the reading for the two 
ends of the pointer are noted. 


(iv) The current is allowed to flow for half an hour and 
during this period, the direction of the current in the galvano- 
meter is reversed after each five minutes’ interval. The mean 

of these deflections is found out. 


(v) The cathode plate is now withdrawn and washed in a 
‘stream of tap water and then with distilled water and dried under 
a fan. When the plate is perfectly dried, it is weighed again in 
a balance by using a rider. The difference between the second 
and the first weights of cathode gives the mass w of copper 
deposited on it. Time ¢ of the flow of current, is known from 
the stop-clock and z the E. C. E. of copper is given. Hence we 
сап find К from the relation (3). 


Experimental data : 


(A). To find the mass oj copper deposited :— 


TABLE Í 
са 
Mass of cathode plate, Mase of 
copper 
deposi 
Before deposition | After deposition Pies gis ) 
(w3) (ws) x 
= gm... gm . gm... gm 4 se. 
+. mgt- mg. mgt...mg+... (...)gms 
=..0т =u gM 


\ 


__———— 
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(B). Time—Deflection record. 
TABLE Ц 


Ss 


Deflection in degrees. Mean 
i i tion 
Super а mur | жыш [Hiep 
0-5 Direct 45 Н 46 | 
5—10 Reversed sts 
10-15 Direot x. T 
15-20 Reversed 
20-25 Direct 
25-80 Reversed 


Calculation : 


2=Е.С.Е. of copper (given) =-0003293 gms/coulomb, 


== АСАР aii «i = co e.m.u. 
10 tan Ө. zt 
Precautions : (i) The instrument is to be levelled to make 
the plane of the coil vertical and the needle free to rotate, 
(ii) Deflections of the needle 
currents should be made e 
plane of the coil with the 


both for direct and reversed 
qual to ensure the Coincidence of the 
magnetic meridian. 

(ii) The strength of th 
exceed 1 ampere for each 5 
cathode. 


(iv) Cathode plate should be weighed after it is made 
periectly dry, otherwise much error will be introduced in the 
value of K due to the increase in weight of Cathode on account 


of moisture present on it. The cathode must be clean and free 
from grease. 


€ current should 


be such, as not to 
0 sq. ст. 


area of the immersed 


(v) The copper sulphate Solution 
prepared having a density of about 1:16. 
and for avoiding oxidation of anode, 1 c.c, 


Should be freshly: 
For good deposition 
of Strong sulphuric 
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acid and 1 c.c. of ethyl alcohol should be added for each 100 c.c. 
solution. 

(vi) The deflection is to be kept at 45? for minimum propor- 
tional error in the measurement of current. 


Oral Questions and their Answers 


1. What is a tangent galvanometer and Есу cces it dfer frcm a 
suspended coil galvanometer ? 

A galvanometer in which the current is proportional to tbe tangent 
of the angle of deflection of the needle is called a tangent galvano- 
meter. 

In a tangent galvanometer a magnetic needle in placed in two uniform 
crossed magnetio fields, one due to the earth’s borizontal field (Н) 
while another is due to the uniform field (F) at the centre of the circular 
current. In suspended coil galvanometer a rectangular coil carrying a 
current is suspended in the radial field ofa horse-shoe (permanent) 
magnet whose pole pieces are made concave cylindrical. This galvano- 
meter is more sensitive than the tangent galvanometer. 

2. Why (a) the plane of the coil is brought to the magnetic meridian 
and kept vertical (b) the magnetic needle is made short ? 

(a) As the field due to the circular current is perpendicular to the 
plane of the coil, the crossed condition of the two uniform fields H and 
F will be obtained when the plane of the coil is kept along the magnetic 
meridian. The plane of the coil is kept vertical so that the magnetic 
needle, free to rotate in the horizontal plane, may be affected by the 
full values of F and Н and not by their components. (b) The magnetic 
feld F due to circular current is uniform over a small region round the 
centre and hence the needle is made short so that it can move in that 


uniform field. 
3. Define the reduction factor of a galvanometer. Is its value cons- 


tant at all places ? 


The reduction factor K (-# 


is a factor which when multiplied 
ann J 


with tan@ we get current. This reduction factor depends on the 
earth’s horizontal field (H), radius of the coil (a) and the number of 
turns of the coil (s). No; the value of K is different at different 
places on the earth’s surface due to the different values of H at those 
places. 

4, How many types of tangent galvanometer are there and which 
jg more sensitive and accurate ? 
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A Double coil tangent galvanometer (Helmholtz's galvanometer) is 
more sensitive and accurate than the single coil one. 

[For details, see the theories of a single and a double coil tangent 
galvanometer Art. 36]. 

5. How does the deposition of Copper on the cathode Occur? Does 
the strength of the solution decrease by such deposition? Is the gain 
in weight of the cathode equal to the loss in weight of the anode? 

Within CuSO, solution there are Си++ and SO,-- ions, By the 
passage of current, Си++ is deposited on the cathode while SO,-- attacks 
the copper of the anode forming CuSO, back and maintains the strength 
of the solution constant. Thus pure copper from the anode will be 


while the impurities on the anode will fall 
eight of the anode cannot be equal to the 


For each 50 sq, cm, area of the immers 
be one ampere. A very feeble current will takea long time for an 
appreciable deposition i 
loose, which goes aw. 
of the above order, 

7. What will ha 


PPen if the current is Teversed in the voltameter 


storage batte 


ТУ only and not from Leclanche’s 
ation. 


cell due to its partial polaris; 
9. A given current са: 


and a high rheostat resis 


© Present in the Circuit be initially 
Tesistance cannot disturb the original 
current, 


10. Why do you keep the deflection of the 

The proportional error in the measurement of Current would be 
minimum if the deflection is kept at 45°, 

11. Why do you take the readings for both ends of the pointer and 
also with direct and reversed currents ? 

To avoid eccentric error (error arising out of the non-coincidence 
of the centre of the needle with the c 


t entre of the circular scale), the 
readings of the two ends of the pointer are noted. To eliminate the error 


galvanometer at 45°? 
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arising out of the non-coincidence of the plane of the coil with the mag- 
netic meridian, readings are taken both for direct and reversed currents. 
12. What will happen if: platinum electrcdes are taken instead of 
copper eleotrcdes ? 
In that case deposition ofcopper on the cathode will occur from tke 
solution whose strength will decrease with time, 
39. Determination of Eleciro-chemical equivalent of 
copper by using an accurate ammeter and copper voltameter. 
Apparatus: Tbe apparatus required for this experiment 
are, (i) 3 or 4 alkali storage cells in series (B), (її) an accurate 
ammeter (M), (iii) a variable resistance (RA), (iv) a plug key 
(К) and (v) a copper voltameter (V), which is a glass vessel 
containing copper sulphate solution in which two anode plates 
(A, A) and a cathode plate (C) are partially immersed. 
Connections of the Apparatus : Connections are shown 
inFig. 67 in which the battery (B), the ammeter (M), the 
rheostat (Rh), the key (К) and voitameter (V) are all placed in 


ph 


K 


Fig. 67 
series. The —ve of the battery is joined to the cathode plate C 
while the wire from the key K joins the two anodes which are 
beforehand joined externally by a wire. 


Theory : If a current of c amperes, as indicated by an 
accurate ammeter, be allowed to flow through a copper volta- 
meter in which w gms. of copper are deposited on the cathode of 
the voltameter in і seconds then according to Faraday's first 
Jaw of electrolysis, we get, 

w=zct; of, z=w/ct. zt T. NOE) 
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where z is the electro-chemical equivalent (E.C.E.) of copper, 
ie. the mass of copper deposited on cathode by the flow of 1 
coulomb of electricity. Knowing w, c and ¢ we can find z. 


Procedure: (i) The length (/) and breadth (b) of the area 
f the cathode plate C, to be introduced into the copper sulphate 
solution, are to be first measured by a scale. Hence the total 
area of immersed cathode would be 21b. 

Gi) The cathode (without cleaning) is introduced into the 
veltameter and the circuit is made as shown in Fig. 67. On 
closing the circuit, the rheostat resistance is adjusted until the 
current in the circuit, as indicated by the ammeter M, remains 
slightly below one ampere for each 50 sq. cm. of the immersed 
area of cathode. After this adjustment of current, the key K 
is made open to break the circuit. 

(iii) The cathode C is now taken out and both of its sur- 
faces are cleaned by a fine grained sand Paper. When both the 
surfaces of cathode are cleaned, fine particles of sand on cathode 
are brushed off by a clean cloth. The plate is now washed by 
a jet of distilled water and dried under a fan. Now the plate 
‘should no longer be touched by hand nor it should be put on a 
dirty table. 


(iv) The cathode plate is now weighed in a balance by using 
acentigramme rider. Let this weight be w, gms. The cathode 
is now replaced.in its position in voltameter. [The copper 
sulphate sclution should be freshly prepared and 1 c.c. of strong 
sulphuric acid is to be added for each 100 c.c. of the solution 
to increase its conductivity. Again їс prevent oxidation of anode, 
1 c.c. of ethyl alcohol is to be added for each 100 cc, of -the 
«solution. ] 


(v) The key K is now closed and current is passed for 30 
minutes (f) which is noted by а stop-clock. During this 30 
minutes, the readings of the ammeter are to be noted after five 
jninutes interval. The mean ammeter reading (c) is then to be 
found out. 

(vi) The circuit is broken after 30 minutes and the cathode 
plate C is taken out. The plate is now washed in a stream of 


tap water and then finally by distilled water, The plate is again 
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dried under a fan and its weight we is determined very accurately. 
"Ihe mass of copper deposited on cathode in time 7 (=30 
minutes) is w=(w,—w,) gms. Knowing w, c and /, the value 
of z can be calculated by using the relation (1). 
Experimental data : 
(A). To find the mass oj copper deposited :— 
TABLE | 


[Make a table as given in item (А) of Expt. 38, Part II] 
(B). Data for finding E.C.E. of copper :— 
TABLE П 


Time of flow of сштепі=/:=30х60=1800 seconds 


" Mean Mass of copper 

Time з Е.С.Е. of copper 
interval Ammeter proveer UD =s=wiet 

in mins. reading (C) (From table I) gms./coulomb 


0-5 

5—10 
10—15 
15—20 
20—25 
95—80 


Calculation : 
z=w/ct = & = .. gms. per coulomb. 


Oral Questions and their Answers 


1to5. [See the answers of questions 5 to 9 at the end of Expt. 38] 
6. What do you mean by the term electro-chemical equivalent of 
asubstance ? E.C.E. of a substance is the amount of it liberated at an 


electrode by the passage of 1 coulomb of electricity through a solution of 


the substance. 
7. What law is employed to find E.C.E. of the substance ? Faraday's 


first law of electrolysis is employed to find E.C,E. of the substance, 
The law states that the amount of substance (w) liberated at an electrode 
is proportional to the quantity of electricity (д = сі) passing through a 


solution of the substance. 
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8. Can you employ alternating current to finds? No, for anode 
and cathode will change continuously, as a result no deposition will take 
place. 

9, How would you find = when no ammeter is supplied? If no 
ammeter is supplied to measure the current c in the circuit, then a low 
resistance r (say, r—'1 ohm) is to be inserted in the circuit in place of 
ammeter, By using a potentiomoter, the P.D. e existing at the ends of 
thislow resistance isto be measured. Hence the current in the volta- 
meter circuit would be c — e[r. 

40. Verification of Ohm's law by using a tangent 
galvanometer. 

Apparatus: The apparatus required are,—(1) a tangent 
galvanometer (either a single coil or double coil), (2) two storage 
cells in series, (3) a resistance box and (4) a commutator (either 
plug commutator or Pohl’s commutator). 

Connections of the Apparatus: The battery B’ (contain- 
ing two alkali cells in series) and the resistance box R (in which 
a total resistance of about 1000 ohms should be available) are 
joined in series with the tangent galvanometer G through a 


G 
Ci Co 
i C, K С; 

S C4 C; К 
pesce tH 
X a н, 

Fig. 68(a) Fig. 68(b) 


commutator К [Figs. 68(a) and 68(b)]. In Fig. 68(a), connec- 
tions with plug commutator is shown, in which the battery B' and 
the resistance box R are connected to one diagonal AB while the 
galvanometer G is connected to another diagonal FD. 
68(b), connections with Pohl's commutator are shown. 
Theory: Оһ” law states that the current (C) flowing 
through a conductor at uniform temperature, 


In Fig. 


is directly 
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“proportional to. the potential difference (E) at the ends of the 


conductor. Hence C = E when temperature is constant, 

or, E=CR ЕА Е T Seb M D) 
here R is a constant which depends on the dimension, nature 
and temperature of the conductor and is known as the resistance 
of ihe conductor. 

If a current of C amperes flows through a tangent galvano- 
meter of resistance G ohms and reduction factor К, and also 
through a resistance R ohms (inserted in the box) then by 
Ohm's law, 

Е Е 

бутт за nr зу C2) 
where E is the E.M.F. of the battery and r is the total resistance 
of the battery and the connecting wires. If 0 be the deflection 
of the galvanometer needle then, 

C=10 K tan 9 See uS О) 
From (2) and (3) we get, 
Е 


10 К tan6 “Ri Ga B 


or, cot d (R+G+r)=const. (R+GHr) ... (4) 


E- 
R+G-+r) tan 6=——sconstant ... RET ais 
Also, (R+ r) tan 0z Im ( 


Either relation (4) or the relation (5) or both the relations. 

(4) and (5) may be employed to verify Ohm's law. 

If a graph be drawn with the various values of R (inserted 
in the box) along x-axis and the corresponding values of cot 6 
along y-axis [taking (0—0) as the origin] then it is evident from 
the eqn. (4) that the graph Cord. 
should be a straight line 
having an intercept on the 
x-axis equal to (G+r) or. 
practically equal to С, for 
r is negligibly small [Fig. | 
69]. Е by experiment, the : 4 ie x 


graph between R and cot 9 Gass 


' is found to be a straight Fig. 69 


13—Р.П 
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line then Ohm’s law will be verified. Ohm’s law can also be 
proved to be true, by showing the product (R+G) x tané, 
constant ; for r is negligibly small in comparison with (R+G). 

Procedure: (i) The galvanometer is levelled by a spirit 
level so that the needle and the pointer may swing freely 
and the plane of the coil may be vertical. The plane of 
the coil is rotated, until it contains the magnetic needle. 
At this time, the pointer attached to the needle should read 
(0—0) of the scale. If this does not occur, then the box con- 
taining the circular scale is to be rotated a little to make the 
pointer read (0—0) of the scale. This time the plane of the coil 
is in the magnetic meridian. The exact coincidence of the plane 
of the coil with the magnetic meridian is made by sending a 
direct and reversed current within the coil and making the two 
deflections with these two currents equal by slightly rotating 
the circular scale. ý 

(ü) A large resistance is now inserted in the box when a 
small deflection of the pointer will be observed. ‘The resistance 
in the box (К) is decreased until the deflection of the pointer is 
30°. The readings of the scale for the two ends of the pointer 
are noted. The current in the galvanometer is then reversed by 
the commutator and again the readings of the scale for the two 
ends of the pointer are noted. The mean of these four deflec- 
tions gives the exact value of 6, for the given resistance in the box. 

(iit) The operation (ii) is repeated with gradually decreas- 
ing resistance in the box, to increase the deflection of the pointer 
by steps of 5° until the final deflection is 60^. 

(iv) From the trigonometrical table, the values of cotó 
ог the values of tan (90—60) are determined. A graph is then 
drawn with the different values of R along x-axis while the 
corresponding values of cot 6 [or tan (90—-6)] along y-axis. 
The graph would be found to be a straight line, which when 
produced will cut the x-axis at P, so that the value of OP will 
be the resistance G of the galvanometer (Fig. 69). This straight- 


line graph so obtained will indicate the truth of Ohm's law. 


(v) When the value of G is thus obtained from the graph, it 


will be found that the product, (G-- R) xtan 0 is always constant 
for different values of R and e. This also verifies Ohm's law. 
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Experimental data : 
(А): (R—^?) records :—- 


Galvanometer resistance from graph=G= ... Ohms. 


—_—_ 
Galv. deflections 522 | 
8 іп degrees with | $= | = 
-| as | 2 
4/38 | EER E 
o Direct Reversed ES x Е 
и 
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з.а P 
i лее HEEHE 
| © 
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i £ 
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(B) Drawing of (R—cot 0) graph :— 


The various values of R should be plotted along x-axis, 
while the corresponding, values of cot @ should be plotted along 
y-axis by taking the origin as (0—0). A best straight line is to 
be drawn by joining the points. The straight line should be 
produced to cut the x-axis. The value of the intercept on the 
x-axis will give the resistance G of the tangent galvanometer. 
For when, y=cot 0-0 ; G--r- —R ; i.e. G—R numerically for ғ 
is practically zero. : 


[For details of drawing the graph, see Art. 5. Part I.] 


Precautions: (i) The connecting wires employed should 
be short so that their total resistance may be negligibly small. 
(ii) For minimum proportional error, the deflections should iie 
near about 45°. 


(iii) All magnets and magnetic substances should be re- 
moved from the working table during experiment, 
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Oral Questions and their Answers 


1—4. [Same as those in the Expt. 38] 
5—6. [Same as those of Q. 10 and Q. 11 of Expt. 38] 


7. State Ohms law and explain how does it provide the definition: 
of resistance [see the 1st paragraph of theory]. 


8, What is conductance and conductivity of a conductor ? 


The reciprocal of the resistance of a conductor is called its con- 
ductance while the reciprocal of the resistivity or specific resistance , 
of the material of the conductor will be known ag the conductivity of 
the material. 

9. What is supra-conductivity 1 


When the temperature of a conductor is very near to 09K the resis- 
tances of some metals suddenly begin to diminish at a much rapid rate 


and tend to vanish at 0°K. This phenomenon is called supra-conduc- 
tivity and the substances are then said to be in the supra-conducting: 
state. 


10. Is Ohm's law valid for conduction in gases ? 


If gases are made conducting by some ionising agents, then this: 
ionised gas obeys Ohm’s law within a small range of potential 
but when the potential difference is very high, 
saturation value. 


difference, 
the current attains its 


41. Determination of the resistance of a mirror 
galvanometer by half deflection method. 


.Connections of the ap- 
paratus: Connections are 
shown in Fig. 70, in which 
а storage battery В (usually 
one or two alkali cells in 
series), a resistance box R 
é (in which high resistance is 

[EU] inserted) are connected in 
Series to the two diagonally 


[ON жй aee 
| 9 Opposite binding screws C, 
L and C; of a plug type commu- . 
Gy vs | tator M. The other two 
diagonally opposite binding 
! Screws C; and C, of commu- 


tator M are joined to the 
Fig. 70 


t shunt box S. The mirror 
galvanometer G and a resistance box R, (the total resistance 


in R, must be greater than the expected galvanometer resis- 
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tance G) are joined in series and the two together are connected 
parallel to the shunt box 5 (in which -1 ohm should be applied). 

Theory: If the shunt resistance S is very low in comparison 
with the galvanometer resistance G, then the potential difference 
(V) across the shunt resistance S is independent of the resis- 
tances in the galvanometer circuit.* 

Let d and d/2 be the deflections of the spot of light on the 
scale, when the resistance in the box R, of the galvanometer 
circuit are successively zero and R,. If Cg and O'g be the galvano- 
‘meter currents in the two cases, then we may write, 


Vix 
= kd — Siret A 
Os ; (1) 
tae Via bd OS - 2 
Ole i ic = am (29) 


"where К is a constant. 
Taking the ratio of (1) and (2) we get, 
G+R, 
G 
ог, С=К,. 


Procedure: (1) One sharp edge of the spot of light is 
‘brought at ће zerc mark of the scale and then the connections 
are made as shown in Fig. 70 with the shunt resistance as 
^1 ohm. Keeping the resistance in the box R, of the galvano- 
meter circuit equal to zéro, the resistance R in the battery 
circuit is decreased from a high value until the deflection of 
the spot of light on the scale lies between 8 to 16 cm. This 


-9; or, 1477-9; 


ж The equivalent resistance of S and (G--R,), which are joined 


j S(G+R3) 
in parallel, i isgiven by GIRS, If С be the main current then the 


pocen, difference (V) across the shunt resistance S is given by 
б 


2 08(G Ri) CS 
Мт бб+ку+8 > TOETSEN 
G+Ri 


When Sis very small in comparison with (¢+R,), we may neglect 


иңе ratio, cia . Hence, V=CS, which is independent of the resi- 
1 $ 
зїапсев in the galvanometer circuit. 
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deflection is noted. Now keeping this value of R constant, the 
value of the resistance in the box R, is increased from zero 
value until the deflection is reduced exactly to half of the 


former. This value of R, is then the resistance of the 
galvanometer. 


(й) The current is now made off 
examined whether the same sha: 
remains at zero. If not, it should 
ing the scale. The value of R 
of R is kept the same as before. 


in the circuit and 
rp edge of spot of light, still 
be brought to zero, by adjust- 
; is now made Zero and the value 


The direction of the current in the circuit is then reversed 
by the commutator M. The deflection is noted and a suitable 
value of R, is inserted to make this deflection again exactly 


half of that when R, was zero. This value of R, gives the 


galvanometer resistance with the reversed current, 


(iii) Operations (i) and (ii 
different values of R in the batt 
different values of shunt resistan 
tions in each case within the r. 
each value of R we get two 
G (one for direct and ano 
three or four different valu 
of G, the mean of which 


) are repeated for three or four 
ery circuit and three or four 
ce 5, but maintaining the deflec- 
ange of 8 to 16 cms, Thus for 
values of galvanometer resistance 
ther for reverseti current). Hence for 
es of К and S we get six ог eight values 
gives the galvanometer resistance. 


Precautions : (i) The Shunt resistance must be very low 
ctherwise the assumption made 


А in the theory will not be 
justified. 


Gi) The cell employed must be 4 storage cell otherwise 
deflections will not remain steady. 


(iii) When the operation with the reversed current is to be 
performed, care is to be taken to bring the spot of light at the 
zero of the scale. 

(iv) The assumption that the curre 
the deflection is reduced to half will n 
deflection is small (say between 8 to 16 


nt would be halved when 


Ot be justified unless the 
cm.). 
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Experimental data : 
E.M.F. of the storage battery employed = 
volts [Before Expt. ] 
& эг ГАЕК if 
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Oral Questions and their Answers 


*galvanometer resistance’ ? 
n the resistance 


1, What do you mean by the term 
By the term ‘resistance of the galvanometer we mea 
of the coil of wire wound over the rectangular frame which is kept 


spended. 
o р Why do you maintain the deflection between 8 to 16 cms. ? 
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If the galvanometer is not provided with concave cylindrical pole- 
pieces, the current is not proportional to the deflection and hence the 
displacement of the spot of light was kept small, say between 8 to 16 
cms. Again even when the pole-pieces are made concave, the current 
is proportional to the angle of rotation д of coil in radain which will be 
approximately equal to tan 0 when 6 is not large. That is, current will be 


proportional to the displacement of the spot of light when 6 is not large. 


'8. When does this method fail ? 


This method will give satisfactory value only when the resistance of 
the galvanometer is very high in comparison with the shunt resistance. 
Hence the method fails for a very low resistance galvanometer, When 
the resistance of the galvanometeris low, it is best measured by clamping 
the coil and measuring the resistance oí the coil in the usual way by 
employing a metre bridge or a P, О, box, 


4. Can this method be applied to messcre the resi 


galvanometer ? 


stance of a tangent 


No ; for here the current is not Proportional to the deflection and the 
pointer method of noting deflection makes it so much insensitive that by 
shuating the galvano neter we shall get practically very little deflection. 

5. By applying a shunt resistance of about `1 ohm what will be the 
resistance of a shunted galvanometer 7—Еуеп less than *1 obm. 

6. Do you prefer a high or low resistance ot the shunt? 


Very low resistance ofthe shunt is preferred : 
experiment shows that the method will give fair] 


for the theory of the 
y correct value of the 


galvanometer resistance when the shunt resistance is very low. 


42. Determination of the Figure of merit (or, current 
sensibility) of a given mirror galvahometer. 


Connections of the Apparatus : 


Connections are shown 
in Fig. 71, in which a storage 
battery B. (usually one or two 
alkali cells in series), a resis- 
tance box R in which a high 
resistance is inserted are con- 
nected in series to the two 
diagonally opposite binding 
screws C, and С, of a plug 
type commutator M. The 
other two diagonally opposite 
binding screws C; and С, of 
commutator M are joined to 
the shunt Бох /$ containing 
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fractional ohms. The galvanometer G whose figure of merit or 
current sensibility is required is joined in parallel to the shunt 


box S. 


Theory : In Fig. 71, the resistance of shunted galvano- 
meter is given by, SG/(S+G). Hence the current flowing 


through the galvanometer is C,=main current x sig 
ordo. Жэ ee FEL ASEM D ME ME `4 МЕЗ Mos o. (d) 
R-SG/S-G) S+G R(S+ 9) +88 


1f this current (C4) produces a deflection of the light-spot by d 
cm. on a scale placed at a distance of D cm. from the galvano- 
meter mirror, then the deflection which will be produced when 
«the scale is at a distance of 100 cm. from the mirror is, 


p= 1008 em. = 10004 м. S ою. (92) 
D D 
(i) Figure oj merit (m) of a mirror galvanometer is defined 
as the current in. amperes (or, in micro-amperes) required to 
produce a deflection of the spot of the light by one mm. on a 
scale placed normal to the beam of light at а distance of one 
metre from the galvanometer mirror Hence, 


Figure of merit— m= a/s = 20 атр./тт. 


1000d 
ЖАУ їй ES 
LL y mp. Aie MS E 
on ЕЗ та БӨ ЖЕӨӨ | А ©? 
55s ‚_ D. ESX10. qicroamp./mm. m (4) 


т 10009 * R(S + G) +89 


(ii) Current sensibility (0) of a mirror galvanometer is the 
number of mm. deflection of the spot of light on a scale placed, 
normal to the beam of light, at a distance of one metre from the 


galvanometer mirror when a current of one micro-ampere flows 


through the galvanometer. 
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Now, C, amp.—C , < 10° micro-amps. 


Current sensibility —0— T zu 
10202 R(S- G) SG 
DUDEN AM mmm. ` .. (5) 
or, 0 Ws SEDE mm 


It is evident from (4) and (5) that. 6—1/m'. 


Procedure: (i) Connections of the circuit are made as 
shown in the Fig. 71. ‘The spot of light is sharply focussed on 


the scale and its one Sharp edge is brought in coincidence with 
the zero mark of the scale, 


(ii) The distance (D) between the galvanometer mirror and 
the scale is measured by employing a metre scale. The E.M.F. 
(E) of the battery is found out by a voltmeter. 


The given resis- 
tance (G) of the galvanometer is noted. 


(iii) At first the shunt resist 
suitable series high resistance 
the circuit. The value of the 


ance (S) is made zero and a 
(R) [say 4000 ohms] is applied in 
shunt resistance (S) is then gradual- 
ly increased (by steps of -2 ohms) from this zero value until the: 
deflection lies between 8 to 16 cm. of the scale. Tf the total shunt 
resistance is less than 1 ohm then both the series high resistance 
(R) and the shunt resistance ( S) are to be increased until the 
shunt resistance (S) is 2 ohms and the series resistance (R) is 
such that the galvanometer deflection lies betwe 
the scale. The reading of the scale 


ge of the spot of light is noted 
From the mean value of these two 
deflections the figure of merit is calculated 


by employing ‘the 
equation (3) or (4). = 


тгепіѕ within the specified range 
From the mean value of these two 
t is again calculated. 


(Le. within 8 to 16 cms.), 
deflections, the figure of meri 
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Distance between the galvanometer mirror and the scale is 
more different shunt resistances (say 2:5 ohms and 3 ohms) and 
for each shunt resistance two different series resistances are 
selected to have deflections within the specified range. The value 
of figure of merit is calculated in each case and from them the 
mean value of the figure of merit is found out. 


Experimental data : 

Distance between the galvanometer miror and the scale is 
D—..cm. [by a metre scale] 

E.M. of the battery —E— volts [by a voltmeter] 

Resistance of the galvanometer-- G — -- ohms [given]. 


o E] Deflections (d) in cm. = "ES А 
Sal] йз with | ен 8 
аң| 38 эВ B рая a 
5 a Е wa |5 r 
Noj 24 | 33 BA) бае |ә р 
о E = Я 
of СЗ 88 | 22 | $8 | Sa | 28 EL EIE 
pes epe ВЕ BR НЕ go |58 Bea 190 = 
$e| SE | dd | РЕ $0. 2 $2 |  & 
à ja ? н а Baj g8 B 
Um 
а 8'8 3'8 88 | .. 
” 2 
2'5 
n di "i 
8 B 


Calculation : 


: en ы ES 
Fig. of merit" тода х R(S+ G) + SG 


Amp./mm. 


or, m-—- атр. /mm. 
or, m=mX 105—...micro-amp./mm. 


Sensibility — 0 =10 -°/m=...mm./micro-amp. 
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Precautions : (/) Before inserting the battery key, a high 
value of the series resistance R (say 10,000 9) and a low value of 
Shunt resistance (S) should be applied to the galvanometer other- 


wise galvanometer will be damaged due to the passage of a heavy 
current. 


(ii) The scale should be placed normal to the beam of light 
reflected from the mirror, otherwise deflections with direct and 
reversed currents will differ much 

(iii) To minimise th 
resistance R should be 
be adjusted to have th 


€ heat generated in the circuit the series 


high and the resistance of the shunt should 
€ desired deflection. 


Oral Questions and their Answers 
l. Define figure of m 


erit of a suspended coil 
(see theory of the experime 


nt). 
2. Define Sensitivity ofa mirror Salvanometer, 
increase the Sensitivity of such a galvanometer 1 
[See theory of this experiment.) 
4. What kind of cell do you require to perform the exi 
A storage cell, having low internal т 
can only send a steady current and hen 
4. Willthe figure of merit chan 
scale and the mirror is altered ? 


mirror galvanometer | 


What factors will 


periment ? 
esistance and a constant E.M.F. 
Се this cell must be used, 

7 


£e when the distance between the 


No, for the deflection obtained is reduced for a fixed distance ot 


100 сш. between the scale and the mirror. But the deflection will 
change with the change of that distance, 


5, What is the 


6. Will the galvanometer deflecti 


Оп increase or decrease, 
shunt resistance is increased 1 


when the 
Increase, for as the resistance of the alternative path of the current 
viz. shunt, is higher, greater fraction of the main current will flow 
through the galvanometer causing its deflection higher, 
7. Why do you maintain the deflection between 8 to 16 cms, ? 
[See question 2 of Expt. 41.] 
8. What will be the resistance of a shu: 


nted galvanometer ? 
Even less than the resistance of the shy 


nt applied, 


ELECTRICITY 205. 


43. Determination of a high resistance by deflec- 
tion method. 

Connections of the apparatus :Connections are shown in 
Fig. 72. One terminal of the given high resistance (X) as well. 
as of a high resistance box R 
(whose total resistance should 
be near about 20,0000 ohms) - 
are connected to one pole of 
a storage battery B (which is 
usually 2 alkali cells in series), 
while the other terminals of 
high resistances X and К are 
respectively connected to the 
binding screws B, and P; 
of a two-way key. The third 
binding screw O of the two- 
way key is connected to the 
binding screw C; of a plug 
type commutator M, whose 
diagonally opposite binding 
screw C, is connected to the B. 
other pole of the battery B. Fig. 72 
By joining O with B; and В, alternately, the high resistance (X). 
and the resistance box R can be alternately inserted in the battery 
circuit. The second pair of diagonally opposite binding screws 
С, and С, of commutator M are connected to shunt box $ con- 
taining altogether nearly 500 ohms resistance (whose value can be 
altered by one ohm). А mirror galvanometer G is connected 
parallel to the shunt box 5. 

Theory: Let d; cm. be the deflection of the galvanometer 
spot of light on the scale, when its shunt resistance is S, and the 
series resistance is X (unknown high resistance). The current C Ў 
flowing through the galvanometer is given by, 


duri deRke eg n As 
Cg X(S8,+ G)+8iG k 1 (1) 


If dą cm. be the deflection of the galvanometer spot of light 
(d, is nearly equal to d,) when its shunt resistance is $, and 
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ihe series resistance is R (known), then the galvanometer current 
€', is given by, 
DE MORTC NE =kd sh e (9) 
^ “RG.+G)+8,G ^ 
Dividing (2) by (1) we get, 
X(S. + G)-8,G S. d. 


R(S,*G)-S,G 8,74; 
As S;, S, and С are small in comparison with X and R, we 
can neglect $,G and SiG. Hence we get, ; 


= Б d). d, № д, 
ваха? | 


Ca wee + (3a) 


If X be extremely high so that deflection d, is obtained 
without the shunt resistance 5, (Le. by making $, = о) then, 
=pS2tG d, E А 
Х=Е 8, * di (4) 
The relation (3) or (4) [when X is very large and S, =: 2] 
may be employed to find the unknown high resistance x 5 


Procedure : (i) Connections are mace as shown in Fig. 72 
and a sharp edge of the spot of light is brought to the zero 
mark of the scale. A low resistance is inserted in the shunt 
Ђох 5 and the unknown high resistance is inserted in the circuit 
by joining B; with О. The value of the shunt resistance is 
gradually increased to S,, (say) until the deflection comes within 
the specified range viz., 8 to 16 cms. of the scale, The current 
is then reversed and again the deflection is noted. 'The mean 
of these two deflections ( say d;) is found out. 


(4) Next the resistance in the shunt box is brought again 
to a very low value and the know 


n high resist : 
should not be less than 10,000 oh ance R (which 


| ms) is inserted in the circuit 
by joining В» with О. The value of s is gradually increased to 


Se (say) until galvanometer deflection is very nearly equal io 
the deflection obtained in Operation (i), when X was inserted 


ELECIRICITY 207 


in series with the circuit. Mean of the two deflections (say, ds 
which is nearly equal to d,) with direct and reversed currents is 
determined. The first set of observation is now complete. By 
using the values of S,, Se, d; and ds, X is calculated from (3) for 
G is given. 

(Hi) The operations (i) and (i) are now alternately re- 
peated to get three sets of observations in each of which the resis- 
tance R in the box is increased from that in the first observation 
and the shunt resistances are so altered that the deflections with 
X and R are of nearly equal order (but different from that ob- 
tained from first set of observation). The value of X is 
calculated from each set of observation and the mean of these 
values of X will be the value of unknown high resistance. 
Experimental data : 


E.M.F. of the storage battery used—......volts. 
Resistance of the galvanometer (given) G—......ohms. 


o 
a 229. Я " Deflection in cm. 2 
2l 338 | 28 m ЕЕ 
S| 555 | $3 $8398 
2 SERES rh direct | reversed | Mean |a -f H 
E current | current ps 
2 I—— 
|а| Am | 2450) | ва вз [гой 
| 
1 lE rera { 
| 
(R-known)| 6(S,) 82 81 8'15(d;) 
(5) | 11,000 
| 
Б | 
(a) AY I es £ (d) | 
1. - | 
(Б) 
a Dae SICA ete ДУ NM 
Ой ге” е NEG 
8. R) 
(| € SGA) Кс а) 
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Calculations : 

Юба) CPU ware ШЖ ЫЫ TN 

S.S. G) x d, ohms. 
Precautions: (i) As the constant k is different for dif- 

ferent deflections, the pair of deflections (d, & d») for X and R: 

for every set, should be made of the same order. 


X-R 


(ii) A storage battery should be connected in the circuit. 


Oral Questions and their Answers 


l. For measuring high resistance why do you prefer this method’ 
instead of Wheatstone bridge method ? 

Wheatstone bridge becomes insensitive for very high and very low- 
resistances. The bridge is suitable for the measurement of moderate 
resistance only. А 

2. Will your method be suitable for measuring the resistance of- 
insulators ? 

No; In that case leakage of a charged condenser through the high 
resistance should be adopted to measure the resistance. 

3. Would you take a storage cell or a Leclanche's cell ? 

Whenever steady deflection is required, storage cell must be used 
for its E, M.F. issteady. Hence storage cells are to be used in this case. 
As the E. M F. of Leclanche's cell falls with time due to partial polari- 
sation, it cannot be employed in cases where steady deflection is. 
required. 

4. What is the order of accuracy which you expect by this method of 
resistance-measurement ? 

Order of accuracy isless than that obtained in Wheatstone bridge 
method. 


5. Why do you make the pair of deflections with X and R almost 
equal? (See precautions (2)]. 


44. Potentiometer and its action. 


Construction : 
of wires (usually te 
to each other so th 


On a horizontal wooden board, a number 

Л) of uniform cross-section are fixed parallel 

at all are connected in series [Fig. 73]. The 
a single wi 

ПОЛО ОЛО Бе wire of length equal to the sum 


es. Binding screws B, and В are fixed 
to the free ends of the first and the last US A b strip 
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RR, provided with binding screws B; and B,, is fixed along-side 
the last wire. "There is а raised platform at one edge of the 
board, near the first wire, over which a metre scale is fixed. А 
jockey J can be moved along the wire so that its one leg L 
.always touches the brass strip RR. By pressing the button Г 
of the jockey, any point of the wire can be put in contact with 
tae brass strip. The other legs of the jockey rest in a groove which 
runs near the platform and parailel to it. By means of an index 


“ПТ Ра 


КЖЕ; КЕЕ: 
ИЙ (ШЇЇ ШЇЇ 


mark Z, the point of contact of the wire can be noted from the 


metre scale. The arrangement oí potentiometer is shown in 


Fig. 73. 
Working principle : Potentiometer is employed to measure 
the potential difference only. Let the whole length (L) of the 


Fig. 73(a) 
potentiometer wire be represented by B;B,, at the ends of which 
a battery B is joined through a key K and an extra resistance R4. 


14—Р. Ц 
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The positive of the battery B is joined to В, while its negative is 
joined to B, so that the current flows from В, to В, [Fig. 73(a) ]: 
Let the positive terminal of another cell C be connected 

to B, while its negative terminal is joined to the jockey J through 
the galvanometer С and a high resistance R,. The E.M.F. of the 
cell C is less than that of the battery B. When the jockey J is 
pressed at the point P cf the potentiometer wire, two simultaneous 
currents flow in the galvanometer from opposite directions. If the 
battery B be alone present but not the cell C, then the current will 
flow in the galvanometer in the direction B,CGJ under the poten- 
tial difference existing between B, (high pot.) and P (low pot.). 
On the other hand, if the cell C be alone present but not the 
battery B, the current starting from the positive pole of the cell C 
will flow in the direction CB,JG, which is Opposite to that in the 
former case. If the E.M.F. (=E,) of the cell C is equal to the 
P.D. existing between B, and P, then these two currents will 
neutralise each other and the galvanometer will Show no deflec- 
tion. At this balanced condition of the galvanometer we get, 
Е, = рї Я) 

Here, | (—B,P) is the length of the potentiometer wire 
required for balance while о is the drop. of potential per unit 


length of it. By determining р we can find E,, ће E.M.F. of 
the cell C. 3 


To find p : 


We can adopt any one of the following methods to find p :— 
(а) With a miiliammeter :—Let а milliammeter be introduced 
in the potentiometer circuit to record the current. If a current of 
i milli-ampere flows in the potentiometer wires of resistance R 


ohms, then the potential difference across the whole length L of 
the potentiometer wire is, 


у= iE 
2 S. 
1000 zolta 
Hence, ele KEIR 
Pi т; 10007, volts per cm. 
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(b) By applying Ohm’s law :—-ЇЇ Е be the E.M.F. of the 
battery B and R be the resistance of potentiometer wires, then 
the current flowing in the potentiometer circuit is, 

A E 
R+R, 

Here R, is the extra resistance inserted in the potentiometer 
circuit. The P. D. across the whole length of the potentiometer 
wire is given by, 


amperes, 


"SER 
Vy. R48. volts. 
y ER 
Hence, ‘p=— =———— volt h 
ат BERILA ARSE ea 


(c) With a cell of known e. m. f. E; :—Let a standard cell 
of E.M.F. equal to E, be inserted in the galvanometer circuit 
B,GJ. By moving the jockey J. the null point is obtained at 
a distance I’ from the end B, of the potentiometer wire. The 
potential difference across the length /’ of the potentiometer wire is 
therefore Es. Hence we have, 


p -B volts per om. 


45. General precautions to be taken in potentiometer 


experiments : 

(i) E.M.F. of the battery (B) employed in the potentio- 
meter circuit must not change with time and hence a storage 
battery should be employed [Fig. 73(a)]. The decrease of 
E. M.F. with time, will diminish the value of potential drop per 
unit length ( %2) and hence wil! cause a gradual increase of thc 
distance of null point with the time. 

(ii) The positive of the potentiometer battery (B) and that 
of the E.M.F. (C) to be measured, must be joined to the same 
end (B1) of the potentiometer wire | Fig. 73(a)] ; otherwise the 
current due to the battery (B) and that of the battery (C) will 
flow in the same direction through the galvanometer giving no 
balance point at all. Hence the galvanometer will show deflec- 
tions in the same direction when the Jockey (J) is pressed both 
in the first and last wires of the potentiometer. 
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(її) The value of the E.M.F. employed in the potentiometer 
circuit must be greater than the E.M.F. (or potential difference) 
to be. measured ; otherwise the potential drop created by the 
potentiometer battery (B), against the whole length of the 
potentiometer wire will not be sufficient to balance the E.M.F. 
to be measured and the galvanometer will show deflections in the 
same direction when the jockey (J) is pressed both at the beginn- 
ing of first wire and at the end of last wire of the potentiometer. 


(iv) Even after taking the above precautions, if we get the 
galvanometer deflections in the same direction both in the first 
and last wires, then we must infer that the current in the poten- 
tiometer circuit is small which makes the value of p (potential 
drop per cm.) also small so that the potential drop even over the 
whole length of the potentiometer wire is insufficient to balance 
the given E.M.F. To remove this difficulty, the potentiometer 


current should be increased by lowering the resistance of thé 
rheostat resistance R, [Fig. 73(a)]. 


(v) for greater accuracy, the first. null. point should be 
adjusted near the middle of the last wire. If the null point is . 
obtained at shorter length of the potentiometer wire then we must 
infer that the potentiometer current is large which has made the 
value of p also large and hence the potential drop over the shorter 
length balances the given E.M.F. In this case the potentiometer 
current is to be decreased gradually (by increasing the resistance 


of the rheostat R;) until the balance point is obtained near the 
middle of last wire. 


For subsequent observations, 
to be increased to get the null poi 
and then at the last but two wires, 


the potentiometer current is , 
nt at the last but one wire 


(vi) At the beginning of the experiment, the high resistance 
R», (nearly, 10000 0 must be inserted in the galvanometer circuit 
for the safety of the galvanometer [Fig, 73(a)]. For the sake 
of greater accuracy, the sensitiveness of the galvanometer may be 
increased (if necessary) by making the value of Rs equal to zero - 
after the approximate balance point is attained. [ with this 
high value of R, in the galvanometer Circuit, the galvanometer ` 
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gives a readable deflection by shifting the jockey by 1 or 2 mm. 
from the balance point then the value of А, should not be 
1nade equal to zero]. : 

(vii) When the E.M.F. to be measured lies within a certain 
range, the potentiometer current should be so adjusted that the 
null point for the highest E.M.F. of the range may be obtained 
at the last Wire. The balance points for the other lower Е.М. 
will be automatically obtained [as in the case of thermo-couple 
experiment]. 

(viii) The potentiometer circuit should be kept closed only 
гог the time which is necessary to find a null point, otherwise the 
null point will shift due to the heating of the potentiometer wire. 
After finding one null poini, the key (K) should be kept open for 


2 or 3 minutes before the next null point is determined. 


| (ix), A galvanometer of low resistance (of the order of 50 
ohms) is suitable for potentiometer experiments so that the 
potential sensitivity of the galvanometer may be high. 


46. Determination of the E.M.F. of a cell by using 
a milliammeter and a potentiometer of known resistance, ` 
Connections of the apparatus: Connections are shown in 


Fig. 74. 


Fig. 74 


The positive terminal of a battery B (usually two alkali 
cells in series) is connected to the binding screw B, while its 
negative terminal is connected to the binding screw В, of a 

otentiometer wire B,NB», through a millammeter A, a rheostat 


Rh and a plug key K. 
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The positive terminal of the cell C whose E.M.F 1 si 
required, is connected to the binding screw B, while its mE 
terminal goes to one end of the galvanometer С. The other 
terminal of the galvanometer is connected to the jockey J through 
a series high resistance S (about 10000 ohms). The milliam- 
meter will record the current flowing in the potentiometer wires 
and the magnitude of this current can be altered by the rheostat 
Rh. The series high resistance S in the galvanometer circuit is 
а guard against the Strong current through the galvanometer. 


Theory: Ifa steady current of i milliamperes flows through 
the potentiometer wire of resistance R ohms and of total length 
L em. (L is usually 1000 cm.) then the potential drop across 


the terminals of the potentiometer wire is у=. volts. 
Hence the- potential drop per unit length of the potentiometer 


. & iR 
Wire 15 p 10007 

If the E. M.F. (E) of a celi (C) is balanced by the potential 
difference existing ovi 


er a length 1 (=B,NJ ) of the potentio- 
meter wire, then the E.M.F. of the cell is given by, 


volts./cm. 


== z: 00) 
Е= рі 10007, 79168: 


Procedure : (i) Starting with the maximum current which 
the miliammeter can permit and with maximum value of S 
(10000 ohms), the jockey is first Put in contact with the begin- 
ning of the first wire and then with the end of the last wire, If 
opposite deflections are obtained, then the Connections are alp 
right. But if we get deflections in the same direction both in the 
first and last wires, then there must be a defect in the cennec. 
tions. If precautions are already taken to make the E.M.F. of 
the battery B greater than that of the cell C and the Positive of 
the battery B and that of the cell C are at the same point B, 
then the defect is due to other causes Which must be traced. 

(ii) After the galvanometer shows о 
the first and the last wires with maximum 
the rheostat resistance is to be increased 


pposite deflections ir 
milliammeter reading, 
gradually to decrease 
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the milliammeter reading until we get the null point at the last 
wire. This null point is noted thrice and the mean is found out 
(її) The operation is then repeated by decreasing the 
rheostat resistance (i.e. by increasing the milliammeter reading) 
until we get null points at the next two consecutive lower num- 
bered wires [e.g. If the potentiometer has 10 wires, then we 
shall first find the null point at 107/ wire, and then A 9th and 
sth wires successively]. Each null point is noted three ото 
(iv) Knowing these null points, the total length / of the 
potentiometer wire required for balancing in each case is found 
out, from which the E.M.F. (E) of the cell is calculated b 
employing the relation (1). j 
pt mean of these three values of E gives the unknown 
Experimental data : 
(i) Total length of the wires in the given potentiometer= 


L=1000 cms. 
(ii) Resistance of the potentiometer wires— R — ...ohms. 
(given). i 
MM 
BAG Null Points. 38 = ‘Stas 
5 [sei ЕЕЕ 3 P a 
o |BZ£& BER `в.а A RSG 
в |78 On | Atthe | Mean | Sag uas SR 
A 25 S| wire | ‘scale scale | 288 S EX чаў 
za á $ | num-| reading reading 508 1 П Ry 
8 H| ‘ber.| inom. | inem.| “33 a A 
682 
1 50 | 10th 684 68:4 931°6 
68:6 


Calculations : 


Р i Rl _ 2 ha ' 
© E= ; = = volts. 


216 А TEXT-BOOK ON PRACTICAL PHYSICS 


(п) и - 

Qn Ugo vu. = = volts. 

Precautions : (i) In each case, the null point is to be first 

determined: with the full value of S (= 10000 ohms) and then to 

find the correct balance point the value of 5 may be made equal 

to zero provided the galvanometer is not sufficiently sensitive at 
the former arrangement. 


[For other Precautions, see Art. 45] 


ll 
Il 


volts. 


Oral Questions and their Answers 
1. What are the esse 


ntial requirements for the success of the 
experiment ? 


nding screw (21). 


2. Instead of employing a milliamme 


ter, can you employ any other 


(See Art. 44) 
eter to measure the E.M.F. of the 
cell instead of this method ? 

Voltmeter gives t al circuit only and 
it. Hence we cannot get the 
Which ig equal to the sum ої the potential drops in 

4. What is the 
difference ? 

E,M.F. is the total drivi 
got a definite direction, 


and the resistance between these two pi 
direction of the potential difference thus depend on those of the current, 
but both the magnitude and the direction of the Е.М.Е. in a circuit are 
constant. 


5. Explain the part which the Tesistance Satins Р Г. 
circuit plays. Will the presence of S change the null point 9 

Resistance S reduces the garrenn flowing throu 
meter when the balance is not attained, by which th 
saved from damage, When balance is obtained, 
absence of S will not affect the null point. Hence for 


igh the galvano- 
€ galvanometer is 

the Presence ог 
Sensitiveness of the 
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arrangement S may be cut off from thegalvanometer circuit when balance 
is i i 1 
AS attained, provided the arrangement 15 not sufficiently sensitive. 

nother pu i 1 i 
Eutr ons served by the presence oí high resistance S is, that 

eti : К T А 

' ance is not obtained, the potentiometer current remains 
fairly unchanged when the jockey i i i i 

jockey is put in contact with the potentiometer 
wire, 

6, What should be the t 
Л уреѕ of the cells which yo 7 4 

ON: you should employ in 

` As the battery B is i i 

С y GXPGUD a constant potential drop per unit length 

of the potentiometer wire, its E.M.F. must be steady and hence this 
battery must be a storage battery. When balance is obtained no. current 
isflowing from the cell C and it does not matter whether the cell C isa 
constant cell (like Daniell and storage cell) or a cell whose E.M.F, 
decreases with time (such as Leclanche's cell) due to partial о 
during the flow of current from the cell. 


7. Supposing the connections are all right, if you get deflection in 


the same direction both in the first and the last wire, what should be 


your conclusion ? 
The current in the potentiometer circuit is so low that the totel 


potential drop at the ends of the whole wire is less than the E.M.F. of 
the cell C. Hence the current in the potentiometer circuit should be 
increased so that the total potential drop in the circuit becomes greater 
than the E.M.F. (E) of the cell which is to be bal 

8. Can you measure the internal resistanc 


anced. 
e of the cell C by this 


arrangement ? 


Yes: the potential difference (E) between the terminals of the cell. 


when it is not sending any current G.e., the E.M.F, of the cell) is 
measured in the usual way. Then the P.D. (e) between the two terminals 
of the cell, when they are short-circuited by a wire of resistance ғ, is again 
measured. Then BP trom which the internal resistance r’ can be 


obtained. 
9, Does the resistance of the cell (C) whose #.M.F, is to be measured 


aflect the value of its E.M.F. ? 
No: for when the balance is obtained, the cell(C) is not sending 


any current and hence the value of E.M.F. is independent оё the 


, resistance of the cell. 
A7. Comparison of E.M.F. of two given cells or determina- 


tion of the E.M.F. of one cell when that of the other is 
known. 

Connections of the apparatus: А battery B (usualiy 
iwo alkali cells in series) is connected in series with a rheostat 


218 A TEXT-BOOK ON PRACTICAL PHYSICS 


Rh, a plug key К, and the potentiometer wire B,NB,. The 
positive of the battery B is connected to the binding screw Bi, 
while its negative termina! is joined to В, through the rheostat, 
Rh and the key К, [Fig. 75]. 


Rh 


Fig. 75 


The positives of two given cells С, and C, are connected to 
the binding screw B,, where the positive of the battery B is 
also joined. The negatives of C, and C, are respectively con- 
nected to the binding screws O, and О» of a two way key Ke. 
The third binding screw O of the two-way key K, is connected 
to one terminal of the galvanometer G whose second terminal is 


joined to the jockey J through a fixed high i 
E igh resistance S (say 


Theory: Let the battery B in the 


otenti ircui 
create a drop of potential р Р эы Меш: 


: ) per unit length of the potentiometer 
wire by sending a constant current through it а cells С 
. 1 


and C, require lengths 1, and 1, Tespectivelh 

а j ы f ; 

wire for balance, then the E.M.F’s E, Ed ЕА e uana 
and C, are given by, | SE 


HEi-—pl; Es — pls. 
1 
а S Usi 
РЫН 1.52. (1) 
By finding /, and I; we can either compare Е 


both are unknown or we can find E, when E, 
employing the relation (1). 


1 and E, when 
is known, by 
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Procedure : (i) Connections are made as shown in Fig. 75. 
Starting with the zero resistance in the rheostat Rh and the 
maximum resistance of $ (10000 ohms), the two cells C, and Ce 
are alternately joined to the galvancmeter. In each case the 
jockey J is put in contact with the first wire and last wire and if 
opposite deflections are obtained for both the cells, C; and Cs; 
then connections are to be supposed all right. But if we get the 
deflection in the same direction both in the first and the last wire 
for each of the two cells, then the connections must be wrong. 
Tf precautions are already taken to make the E.M.F. of the 
hattery B greater than those of the cells C, and Cz and the posi- 
tives of cells C, and С and that of the battery B are at the same 
point B,, then the defect is due to other causes which must be 
traced. 


(ii) After the galvanometer shows opposite deflections in 
the first and the last wire with each of the cells С, and Ce, the 
epproximate positions of nuli points are to be determined for 
both the cells. In one case (say with the cell C,) the null point 
will be at a longer distance than in the other (say with the cell 
C). Hence the E.M.F. (E,) of the cell С, is greater than that 
(Е,) of the cell Сз. Now the rheostat resistance is increased 
until we get the null point in the last wire with the higher 
E.M.F. (Е,) of the cell C;. This null point is noted thrice and 
the mean value (1) is found out. 

Next the cell C; of the lower E.M.F. (E;)is joined with the 
galvanometer and without altering anything the null point for 
this cell is also found out thrice and the mean value (15) is found 
out. 


(iii) The operation (i) is then repeated by decreasing the 
rheostat resistance (i.e. by increasing the potentiometer current) 
until the balance point for the higher E.M.F. (E) of the cell C, 
shifts to the next two consecutive lower numbered wires [e.g. 
If the potentiometer has ten wires, then observations should be 
made by changing the rheostat resistance so that the higher E.M.F 
of the cell C, gives the null point at the 10th, 9th and 8th БЙЗ 
successively]. For finding the balance point for C; in each case 
the adjustments made for C, must be maintained. í 
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(iv) The ratio of l,/l. is to be found out in each case and 
the mean of the three ratios gives the value of Е,/Е.. If E, is 
known we can find E; by using the relation (1). 


Experimental data : 


+ o 
: ono 
5 Null points, PEEN же К ч 
© a ы irm Bo. 
3 Сеп On | Atthe| Mean | 8.2% g E | m 
E wire | Sale | scale | 2 8.9 4 ma |^ 
reading | reading| 32 o> 
ишаре: (in ст.) (in сш.) a EE 
RETIA) 
74:5 
First |а eis 
(0) | 10th | 146 | 74:6 | 99542) 
(E12) 74-8 | 
Ч+т. | 
| 14 
; 61:2 
Second | 
(Bs) | "th 6r3 61:2 661°2(7,) 


61 
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1 Calculations : 
5 — 2:3 Or; Е, =тЕ. = volts, 


1 
D 


rj 


Precautions : [Same as in Expt. 46] 
Oral Questions and their Answers 


1. Suppose after proper connections, you get opposite deflections in 
the first and in the last wire for one cell only, but not so for the other 
cell What would you do then ? 

The current sent by the battery B in the potentiometer circuit is such 
that the total potential drop across the potentiometer wire is greater 
than the E.M.F. of one cell but less than that of the other. In this case, 
potentiometer current isto be increased (by diminishing, the rheostat 
resistance) so that the total potential drop across the whole potentio- 
meter wire шау be greater than the higher E.M.F. of the two cells, 


2. Can you find the potential drop (o) per unit length = 
when the E.M.F. of one cell is known. gth of the wire 


Yes: From the theory, E1 —0li, or, p—Ei[l. If Ei is known es 
knowing lı, we can find p. 


3. Ifthe null point obtained changes with time, then what should 
be your conclusion ? 


If the current is sent in the potentiometer circuit continuously, 
then due to the heat generated, the resistance of the wires changes. 
and as a result the null point changes. Hence the potentiometer circuit 
should be kept closed only for the time during which the null point is 
determined. То getthe correct result, the circuit should be kept open 
for some time after the determination of a null point and then it should 
be closed momentarily to check the null point ( or to find the new null 
point if necessary). Aftera few repetition, the null point will be found 
‘constant. This change of null point may also be due to the falling Е.М.Е. 
of the battery which should be checked previously. In case of falling 
Е.М.Е. the null point may increase (if the E.M.F. of B falls) or decrease 
(if the E. M.F. of Cı or C, falls) while for heating the null point decreases. 
with time. 

48. To measure the current flowing in a circuit, by mea- 
suring the drop of potential across a known resistanc 
inserted in the circuit, with the help of a potentiometer. » 

(a) Whena cell of known E.M.F. is given for calibra 

‘tion. : 
Connections of the apparatus: Тһе apparatus consist: 
of two circuits, viz.—(1) circuit containing unknown cu. ae 


‘and (2) potentiometer circuit. Trent, 
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contact at the beginning of the first wire and at the end of the last 
wire, but it might so happen that the balance point wiil be 
obtained at the first wire only, when a very small current flows 
in г. 


To increase the sensitiveness, the rheostat resistances R’ 
is decreased (if alteration of current in r is permissible) until the 
P. D. between the fixed resistance r increases to such a value 
that the balance point for this P.D. across r, is obtained at least 
at the 7th or 8th wire (when ten wires are present). This value 
ef the rheostat in R’ is to be kept constant throughout the 
experiment so that the current flowing in r may remain constant. 
Hf a given current fiowing in r is to be measured then R’ cannot 
be changed and null point against г should be noted wherever it 
is obtained]. This nuli point for the Р.Р. e across г is noted 
thrice and the mean (/.) is found out. 


(iv) The above operations (ii) and (iii) constitute only one 
observation with the cell C of E.M.F. (E) and the P.D. (e) 
across the given resistance r for a particular value of p (the 
potential drop per unit length of the potentiometer wire). Such 
observations are to be repeated thrice for different increasing 
values of р (which can be done by decreasing the rheostat resis- 
tance Rh and hence by increasing the potentiometer current). 


For this purpose, the resistance in the rheostat Rh is 


decreased successively until the balance point for the higher 
E.M.F. (E) of the cell C shifts from the 10th to the 9th and 
then to the 8th wires (when the number of wires in the poten- 
tiometer are ten only). The Corresponding null point for the 
P.D. ʻe across г for each specific value of p is also determined 


without any alteration of the value of R'. Each null point is 
noted thrice and the mean is taken. 


(v) Thus for each value of o, we get b 


1 3e 
Bed tor tha COR EE A alanced lengths ls 


- ( and for the Р.Р. ‘e’ existing 
across the given resistance r respectively. Finding е-їп each case 


the mean value is determined Which when divided by r, we get 
the current in the given circuit. « 
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E.M.F. of the known cell C—E-— volts 
Given resistance (usually 10 ohms) in the circuit —r—.- 
ohms. 


Experimental data : 


мө АФ: ols 
3 Null points, E 8 Н PT n 
шүү 58274-3 | аут. 
“20 | о АЕ Ње | Mean |9,62 9| 8 e| 28] 8 8 
BHS 2n | soale scale | 92.5) 1 g Sal А 
E | VII? | reading | reading £2 g7 түк ERES 
| no- | (in em) | (in em.)& Е 9 
| Е 
Сеп C | 28°6 
| 
(known E) 10th. | 28i 28'4 (|9r1'6(,) 
| 
| 981 
| ————.| `804 
Resistance | 76:4 
r(e) | 8th. | 766 76:6 |723-4(1.) 
16:8 
Cell С 
(known E)| 9th. ар 


Resistance 
r (e) 


15—P. Il 


226 A TEXT-BOOK ON PRACTICAL PHYSICS 


Calculation : 


fe Re = ase = oe Amperes. 
m 


Precautions : (i) For greater sensitiveness, the approximate 
null point is to be first determined by giving full value of the 
resistance S (10000 2) and then the exact null point is to be 
determined by making $ equal to zero, provided the former 
arrangement is not sufficiently sensitive. 


Gi) When the null point for the cell C is to be determined, 
the key K» should be kept open to avoid the heating of the 
circuit containing r, by the unnecessary flow of the current. 

(i) For finding a null point, the key К, in the potentio- 
meter circuit should be kept closed so long as it is required. 


(iv) After finding a null point, the key K, should be kept 
open for sometime until the next operation is performed 
that the heat generated in the forme 
during this time. 


, 50 
т Operation may go away 


(b) When a Milliammeter is given for calibration : 


Connections of the apparatus : (1) In 
current circuit, a battery B' 


is joined in series with а plu 


the unknown 
(usually two alkali cells in series) 
g key К+, a rheostat R’ and à fixed 


в'_ L^ R’ 
H ww 


Fig. 77 


resistance r(=10 ohms, say) so that they form a complete 
circuit [Fig. 77]. | 
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(2) In the potentiometer circuit, the positive of the battery 
33 (usually three alkali cells in series) is joined to the binding 
screw B, of the potentiometer wire B,NB;, while its negative 
terminal is connected to the negative of a milliammeter A. The 
, wire from the positive of the milliammeter A is then connected 
to the binding screw Вз of the potentiometer wire through the 
rheostat RA and a plug key Kı. The arrangement is shown іп 
Fig. 77. 


To interlink the two circuits, the positive terminal Т, of the 
fixed resistance г is joined to the binding screw В, of the poten- 
tiometer wire while its negative terminal 7, is joined to one 
terminal of the galvanometer С. The other terminal of the 
salvanometer G is joined to the jockey J through a series high 
resistance S (—10000 ohms). 


Theory: If a steady current of 7 milliamperes flows through 
the potentiometer wire of resistance R ohms and total length Г, 
em. then the potential drop per cm. length of the potentiometer 
wire is given by, 

IR 
m. volts per cm. 
1000 Z P 


If the potential difference e at the ends of the fixed resistance 
ғ, is balanced by the potential drop existing over the length / cm. 


p 


(=B,NJ) of the potentiometer wire then, e= p} = IR atts 

1000 L К 
Thus the current flowing in the resistance r or in the circuit con- 
taining r is given by i=e/r amperes. 


Procedure: (f) to (iii)—-[same as in Expt. 46; only read 
‘against the fixed resistance r' for ‘of the cell C’]. 


(iv) Knowing these null points, the total length і of the 
potentiometer wire required to obtain balance in each сазе is 
found out and from this, the potential difference e existing across 
the fixed resistance г is calculated. The mean of these three 
values of e when divided by the value of the fixed resistance r 
we get the current in amperes in the given circuit. 
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Experimental data : 


(1) Total length of the wire in the given potentiometer is 
=L=1000 cms. 


(ii) Resistance of the potentiometer wires= Р =... ohms 
(given). ) 


H ce J^ LJ oc i 
2 н Null points, SSe g а 2 \ 
o |oo | ABo „ео Be e N 
JEN gee: leg8 2/2 a | 
5 |858; ‚| Atthe | Mean |93 F o 28 таан B 
9 [387 |O0n wire| scale scale |Z Aga |e ! Sle] Borg 
& [B | number! reading | reading 2385 д® = EH ERI 
1 1 o LED о 
[inem пош. дна H^ á 


T 29:80] "o es mo | 


Calculations : 


(i e= ТВі 
1000 7, x = en volts, 
(йу) e= A 
Gi) e= TT a 
(v) ї=ет= ou y vali 


cat Amperes. 


ELECTRICITY 229 


Precautions : [Same as in Expt. 46]. 


Oral Questions and their Answers 


1. In thie experiment do you really measure current ог P.D. ? 


We actually measure the P.D. across a known resistance and when this 
Р.Р. is divided by the known resistance we get the current. 


2. How many methods are known to you for measuring а 
current ? 

Methods based on (1) Magnetic effects of electric currents such as 
suspended magnet and coil type galvanometer. (ii) Heating effect of 
current such as hot wire ammeter,  thermo.galvanometer and 
(iii) Chemical effects of current such as copper and silver voltameters. 
Of these, the instruments based on (i) and (iii) can be employed to 
measure direct current only while the iustruments based on (ii) can 
be employed to measure both direct and alternating currents. 
Potentiometer method is wnsxitable for measuring alternating 
current. 


3. What are the practical units of current and potential 
difference ? ` 


Ampere and Volt are respectively the practical units of current and 
P.D. They are related by Ohm’s law as Ampere- volt/ohm. 


4. Why do you attempt to take null point at the last wire ? 


This will make the percentage error in the result small. If there 
be an error in measuring the length by a small amount, tho error 
introduced in the result is not much, when the balanced length is 
large. 


5. Suppose after proper connections you get opposite deflections 
with the P.D. across т but not with the cell С What would you do 
then ? [See question 1 of Expt. 47,] 


6. Can you measure resistance by a potentiometer 7 


Yes; for if we can measure Ње P.D. (c) across the unknown 

resistance (r) then we can find т from Ohm's law r=e/i. The current 

. ¿in the unknown resistance can be determined by introducing a copper 
voltameter in the circuit. 


7. Suppose your null point shifts with time. What are the causes for 
this ? [See question 3 of Expt. 47.) 
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49. Determination of the value of J, the mechanicad 
equivalent of heat, by electrical method, 
Connections of the apparatus : 


Fig. 78(a) 


Fig. 79(0) 


(a) By employine stora 
ying storage battery.—Connectio 
D | AM ns of th - 
paratus are shown in Fig. 78(a) when a battery i Y 
send current. eee 
A battery B (usuall 
а key S', an ammeter M, 
all connected in series, 
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positive of the ammeter M. [If the positive and negative of the 
ammeter or of the voltmeter are wrongly connected, then on star- 
ting the current, the pointer of one whose positive and negative 
are wrongly connected will not indicate any deflection. By such 
observation, the positive and negative of the ammeter or of the 
voltmeter can be correctly connected]. But care should be taken 
not to connect the ammeter in the place of the voltmeter, for 
in that case the ammeter will be destroyed. The rheostat RA 
should be adjusted to get a suitable heating current which should 
lie between 1 and 2 amperes. 


(b) By employing D.C. mains.—Fig. 78 (b) shows the 
connections, when the current is taken from the direct current 
main of the laboratory. At first, the live terminal of the main 
should be found out.* ‘The switch S’ and the lamp board con- 
taining the lamps L,, Le etc. should be placed in the live terminal 
to prevent the possibility of getting a shock. Then the wires 
leading from D, and D should be introduced in water to find 
which one is роѕійуе. The wires from D and D, should be 
joined through a rheostat Rh, to the heating coil C kept immersed 
im the oil of the calorimeter К provided with a stirrer 5 and a 
thermometer T. The voltmeter V is connected parallel to the 
heating coil. The ammeter M should be joined in series with 
the circuit so that its positive is connected to the positive of the 
main. This ammeter may be fixed on the board or it may be 
joined between the terminal D of the board and one terminal of 
the rheostat Rh. 


When the switch S’ is made on, the current flows in the 
circuit and the number of lamps L;, Г, etc. and the rheostat 
Rh are adjusted to get a suitable heating current (between 1 


* For this purpose one terminal of a testing lamp should be panel 
while its other terminal should be alternately introduced in the two holes 
of the plug point. That plug hole, at which the lamp glows is the live 
terminal of the main. 

4+ When the wires from D апа D, are introduced in the tap water 
taken in а beaker, profuse liberation of hydrogen gas occurs at the negative 
terminal due to the decomposition of water. Thus we can identify the 
negative and positive terminals. 
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end 2 amperes). A small adjustment of current is done by thé 
rheostat Rh. 


Theory: Ifa current of C amperes be made to flow for t 
seconds through a heating coil having a potential difference of 
E volts at its ends, then the heat generated in the coil during 
the interval of time 7 is given by, 


H= zax 107 calories ^^... 2100) 


where J is the mechanical equivalent of heat in ergs per calorie. 


If the whole of heat thus generated be given to the calori- 
meter and the oil in it, then their temperature will rise from 
95°C. to 0;*C. Hence the heat taken up by the calorimeter and 
the oil in it, is also given by, 

Н = (mis;2- ms) (605—604) 

Here, т =mass of oil in the calorimeter, 

ri; —mass of the calorimeter and the stirrer, 
s  —sp. heat of oil, 


5: — Sp. heat of the calorimeter and the stirrer. 


From (1) and (2) we get (by assuming no loss of heat), 
FO 1от= (тз-тз) (0—0) 
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ог, J- Imi m, УОТ) ergs/calorie. 

or, J= oe jotles/calorie “= (8) 
Procedure: (i) The calorimeter and the stirrer are first 
cleaned by a cotton pad and then weighed empty. Let this mass 
be m, gms. Some quantity of oil (say paraffin oil), which is 
sufficient to dip the heating coil completely, is taken in the calori- 
meter and the two together: are weighed in a balance. Let this 
mass be m. gms. The mass of oil taken is m=(m,—m,) gms. 
` (ü) The calorimeter is then introduced in the circuit and 
connections are made as shown in the figure. [If the heating 
current is to be supplied by a Storage battery (containing 5 or 6 
alkali cells in series), then connections are to be 


А т made as shown 
in Fig. 78(a). But if the heating current is to be supplied from 
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a D.C. main through parallel lamp resistances, then connections 
are to be made as shown in Fig. 78 ()]. The thermometer T 
capable of reading 1/10°С. is introduced in such a way that its 
bulb is near the middle region of the volume of the liquid but 
not in contact with the heating coil. 

(üi) For a preliminary adjustment, the circuit is closed for 
a small interval of time and the variable resistance [either the 
тһеозїаї Rh only for Fig. 78(a) or both the lamp resistance and 
rheostat resistance RA for Fig. 78(b)] are adjusted until the 
desired current (between 1 and 2 amperes) is recorded by the 
ammeter. After this adjustment is complete, the current in the 
circuit is made off and the liquid is continually stirred to have 
its temperature steady. When the temperature is maintained 
steady for at least five minutes, its value 6; is noted from the 
thermometer T. [Ву this preliminary adjustment, the correct 
placing of positive and negative terminals of both the ammeter 
and the voltmeter can be detected. Jf the terminals of any one 
or both are wrongly placed, then the pointer will move in the 
opposite direction and by this observation, they can be placed 
properly]. 

(ii) Now the stop-clock and the current in the circuit are 
started simultaneously and the liquid is kept stirred contin- 
uously. The reading3 of thermometer, the ammeter and the volt- 
meter are noted after an interval of one minute until the rise ,of 
temperature between 6°C and 8°C is observed. This time the 
current in the circuit is stopped and the exact time ¢ at which 
the current is made off, is also noted, but the stop-clock is not 
stopped, it is allowed to run on. The thermometer reading goes 
on increasing for sometime and the actual time ѓо, at which the 
thermometer records the maximum temperature 6», is also noted. 
The stirring of the liquid is to be continued and its temperature 
is to be noted just at the time (to+to/2). If the temperature at 
this time [viz., at time (t9+t,/2)] be 64, then the fall of tempera- 
ture in time %/2 is, x= (82—03). Thus the maximum temperature 
02, when corrected for the loss of heat by radiation, will be given 
by, ó'— (0s--x). Hence the rise of temperature of liquid by the 
flow of current in the circuit for t seconds is (0—01) = (9.— 
03) +x] ж Я 
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2. What precautions would you ado 
by radiation. 

The current should be such (between 1 to 
temperature between (°С to 8°C 
(about 4 to 6 minutes) of time. 
are to be made [see procedure]. 


pt to minimise the loss of heat 


2 amp.) that the rise of 
should occur in the short interval 
For further Correction some observations 


Yes ; for if J is known, then 8р. heat s of the liquid can Te determined 
from the relation (8), 

5. Is it desirable to have greater ог smaller mass of liquid in the 
calorimeter ? 


The amount of liquid в 
in it. If a large quantity 


ms see Art, 95) portable 
voltmeter“ jg а high 


Tesistance (see Art, 25) 
galvanometer, 
7. Can you Convert on 


e to the other ? 
Yes; by applying se 


ries high Tesistance to the ammeter, it can be 
T while the Voltmeter са 

: n be co ted to an 
ammeter by applying a low resistance shunt to "KE 


it. 
8. How does the flow of electric : 
Current 
generate heat and what are the factors dus condustor 
of heat ? 


Which govern the generation 


Proportional, to the s 


quare of Current, to } 
and to the time of flow 


of current, 
9. Instead of D.O, 
happen ? 
Heat will still be generat 
should be replaced by hot wir 
ammetera and voltmeters will 


if you send А.О. in the Circuit, then what will 
ed but the D.C, 5mmeters and voltmeters 
Ө ammeters In that case 
record virtual 


am peres and virtual volts. 
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10. How would you identify which one is the live terminal and 
which one is the positive terminal ? 


[See foot notes of connections of item (0), of this Expt.] 

50. Determination of the temperature-coefficient of 
resistance of the material of a given wire. 

(a) By using a metre bridge : 

Ordinary metre bridge may be employed to find the resis- 
tance of the given wire at diflerent temperatures. As the resis- 
tance of the connecting wires and the end resistances of the 
bridge wire are ignored, we cannot expect greater accuracy of 
the result obtained by this arrangement. 

Connections of the apparatus : 
shown in Fig. 79. In this figure, R 
joined to the gap С» of the metre brid 
wires LiP,M, and LoPsM s 
be of such minimum length as 


The plan of connections is 
is the given wire which is 
ge through two connecting 
These connecting wires should 
is required (after placing the 


"Sabi 


GNU? R Ц 


Fig. 79 


tube G near the middle of the metre bridge) for interchanging 
the gaps without causing any shift of the glass tube G which 
contains the given wire R. A thermometer T is introduced inside 
the tube G to record the temperature of the wire. The mouth of 
the tube is.closed by a cork C. A resistance box $ (containing 
fractional ohms) is joined to the gap Gs. A battery В, (usually 
a Leclanche’s cell or a single storage cell) is joined to the extreme 
binding screws A and B of the metre bridge through a commu- 
tator K. The two terminals of a galvanometer are joined to the 
binding screw at O and to the jockey J. ff necessary, the glass. 
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tube G can be inserted inside a hypsometer to raise its tempera- 
ture by steam. 

Theory: If R, and К, be the resistances of a wire at 
temperatures 1;°C. (low) and t;?C. (high), then within this small 
range of temperature we may write, 

RIER (15-6) 2 „ж 23 (1) 
Ro=Ro (1+4t.) 20. "€ te (25 
By simplifying the relations (1) and (2) we get, 
Ууз? 
Вав tee ob ves (3) 

By measuring the resistances R; and R, of the given wire 
vat temperatures 7,°C. and г,°С. respectively we can find «< the 
temperature-coefficient of the material of the wire, from the 
relation (3). The resistance of the given wire can be calculated 
from the Wheatstone bridge principle viz., 

Res. in the left gap 1 и its coto 
Res. in the right gap 100 - 7 

Here l is the distance of the null point from the left end of 

the metre bridge wire. 


Procedure: (i) The glass tube G containing the wire is 
kept at room temperature t,°C. and null points, for both direct 
and reversed currents, are obtained at about 45 cms., 50 cms., 
and 55 cms., of the metre bridge wire by varying the resistances 
in the box S to three different values. In each case, the mean of 
the null points for direct and reversed currents is found out. 

(ii) The given wire R in the gap G 
S in the gap G; are then interchange 
and reversed currents are again по 
those three resistances in the box | 


2 and the resistance box 
d. Null points for both direct 


current) is again determined for 
each of the three resistances in the box S. 


(iii) The resistance of the 
culated in each of the six cases 
after the interchange of R and 


given wire is then separately cal- 
(three cases before and three cases 
S) by employing the relation (4) 
and the mean of these six values, gives R,. 
(iv) The glass tube G wir 


! h fhe given wire in it is now 
inserted in the hypsometer, ‘The tube G is then heated by 
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steam formed by boiling the water in the hypsometer. When the 
temperature ¢,°C. recorded by the thermometer T remains steady 
for at least five minutes, the resistance К. of the given wire at 
this temperature is determined by repeating the operations (г), 
(ii) and (ii) as before. Knowing R, and R, we can calculate. 
x from the relation (3). 

Experimental data : 


| Resistance in ohms Null points lg Е А 8 
applied in, in ems. with HT e| E 
БЕН ёр 

i rever- fed] an 

left gap | right gap раке! sed ата 3 3 
current D 3 


18 44'6 


44'8 


Rite Ru Ў; = per °C 

(b) By using Carey Foster’s bridge : 

In this arrangement, the effects of the Tes 
connecting wires and the end resistances of th 
wire are eliminated and hence this method give: 
result than that obtained by metre bridge, 


istances of the 
© metre bridge 
S more accurate 
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Connections of the apparatus : 


The plan of connections is shown in Fig. 80. The ends 
of the given wire R, whose temperature-coefficient of resistance 
is required; are soldered to two long connecting wires D, P, M, 
and LaP, Ma. The wire D,C;DC.Dz is called Ше compensating 
wire whose resistance r is equal to the sum of the resistances of 
-the connecting wires D,P,M; and LePa Mea, These connecting 
` wires and the compensating wire are made sufficiently long so 
that their respective ends М.М» and DıDə can interchange the 
gaps without causing any shift of the elass tube G, which is placed 


Fig. 80 


near the middie of the bridge. The mouth of С is closed by a 
cork C. A thermometer T is inserted in the tube G to record 
the temperature of the wire. The terminals М, and М, of the 
given wire аге connected to one extreme gap (say extreme left 
гар G1) while the terminals D, and D; of the compensating wire 
are connected to the other extreme gap (say extreme right gap 
Gs) through a resistance box S (containing fractional ohms) 
in series. Two resistance coils О, and Q, (usually each equal 
to 1 ohm) are respectively connected to the two middle gaps Ge 
and G; Ро The terminals of a battery B, (usually а 
Leclanche's cell or a Storage cell) are connected йе binding 
screws at A and B through a commutator К. The terminals of а 
galvanometer are joined to the binding screw at O and to the 
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jockey J moving over the bridge wire. The glass tube G can be 
introduced inside a hypsometer when required. 


"Theory : With connections as shown in Fig. 80, let the 
resistances in the box 5 be varied and made equal to S, until 
the null point is obtained at one extremity P of the bridge wire 
whose distance from the left end is /, cm. Hence we may write, 


Qs rt+R+i,+l.o 

Qs тт8,+3а+(100—у)р 
where ^, and ^» are the end resistances at the left and right ends 
of the bridge respectively and p is the resistance per unit length 
of the bridge wire, 


Qi — r+R+r, +110 te Say 
Q1+ Qe AWtR+S +, +A +100р 
Let the compensating wire together with the resistance box S in 
series with it, be now interchanged with the given wire R and 
the new null point is obtained at О at a distance l; from the 
left end. Proceeding as before, we may write, 
Que + 81+ А41 tlp 
Q1+ Qe 2r- RS, A4 100p 
From (1) and (2) we get. 
r+Rt+aytlap=rtSitartlsp 
or, R-S,t('i-li)e t (8) 
Keeping the temperature of the given wire R constant, the value 
of the resistance in the box S is changed from S; to S, to get 
another pair of null points at /, (when А and S are respectively 
in the gaps С, and G,) and at I’, (when R and S are respec- 
tively in the gaps С, and С,). Then as іп eqn, (3) we may 
write, 


or, 


e (2) 


R=S8.+(l's—la)p zs 22) 
From (3) and (4) we get, 
S, +(Из—1,)р= Ss +l- 1.) 
S. 7 8, 
С) 075 ah) (5 
The relation (5) is employed to find », Then from this 
known value of p, R can be calculated from the relation (3). 
16—P. It 


or, p= 
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І the given wire has the resistances R; and К, at tempera- 
ture 4,?C. and t,°C., then the temperature-coefficient of resis- 
tance is given by, 


LBs-Bio T bw 
Rits— Rats (6) 
Procedure: (i) The given wire R is kept at room tempera- 
ture and the resistance in the box S is changed until at a parti- 
cular value (say $,) we get the null point at that extremity of 
the wire at which the box is situated. The null points are deter- 


mined both for direct and reversed currents and the mean null 
point is found out. : 


(ii) The operation (i) is repeated for two other different 
values of resistances in the box S at which the null point shifts 
by steps of 5 cms. towards the middle of the bridge wire. In 


every case the mean of the two null points for direct and reversed 
currents is found out. 


(iii) The positions of R and 5 (together with the compen- 
seting wire connected to 5) are now interchanged and those 
three resistances which were formerly inserted in the box S, are 
now successively applied and in each case null points are deter- 


mined both for direct and reversed currents. From this, the 
mean null points in each case is found out.- 


(iv) Taking pairs of the three Observations, as shown in 
the table viz.—observations 1 and 2, 1 and 3,also 2 and 3, p is 
calculated by using the relation (5) and the mean of these three 
values of p is found out. By substituting this mean value of o 
in equation (3), three values of №, are determined from the pair 
of data obtained in each observation, (with R and S in two 
extreme gaps then by inter-changing their gaps). 


L The mean of 
these three values of R, gives correct Ry. 


(v) The glass tube G is next kept in a hypsometer and 
"water in it is boiled to produce steam. When the temperature 
indicated by the thermometer T is remaining steady for at least 
five minutes the operations (i), (ii) and (11) are repeated. From 
the data so obtained, mean К, is calculated in a manner similar 
to that adopted in calculating №,. [explained in item, (iv)]. * 

(iv) Knowing R; and Re < is calculated from the relation (6). 
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Experimental data : 
[Numerical figures in the table are for illustrations only.] 


! 


& 36 Null points in 2 e © 
E o I H sz am 
à 32s E88) grag With Ве (ЕА aes 
9| aef Ho | Bao |НОЯНН 
mp jej "99 | Ba |sat Sam |BBSS3 
: og ago [eBlog E а-я (вәја 09 
S| $85 | Ве ВБ 5р 5 $9 шо" $8 
“М 85 5568 Я а (64 
y R | sats) 95 |951 95 =z, 
1 | | 
()94(S)] к |59| 5|51 =| 02 
80°C is R 3'2 (53)! 90 | 90 | 90 =1, } ohms/cm. 
2 | =R 
-4*0| | (0) 3°9(8,)| R  |101|10 1005 =r, s 
| ; fe R ma SEP en Ер. Жи 
(b)...(Ss) R ise we =U 
=R, 


— 


NB [Observations (a) are taken first and the observations 
(b) are taken later.] 


Calculations : 


Я » Sa- S, 3'2—3'4 Я 
0 р (0—1) (la-la) (51-95)-u01- 90) 02 ohms/em, 
(i) B=S,+(t's-11)p —3'4-- (51— 95) х 02 
=34-1°8=1'6 ohms. etc. 
121 = Е, Ел ® = me = 
Ios ROSS Rif. - per'O 


Precautions: (i) The battery key should be closed for the 
minimum time necessary for finding a null point, otherwise th 
resistance will change due to heating. Y 
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(ii) The temperature indicated by the thermometer must 
remain steady for at least five minutes before the null point is 
noted. ! 


(ii) The temperature coefficient so determined is the mean 
value of the coefficient within the range from t,°C to t,°C. 


(iv) The length of the connecting wires and the compensa- 
ting wire must be just sufficient so that their ends may reach 
any gap of the metre bridge without any displacement of the 
position of the glass tube G (kept near the middle of the bridge). 
which contains the given wire. 


Oral Questions and their Answers 


1. What do you mean 
resistance and what is its unit ? 

The increase in resistance of unit 
is defined as the tem perature. 
in— pər %. 


by the term lemperature-coefücient of 


resistance for 170, rise of temperature. 


-coefficient of resistance. It is expressed 


2. What is the cause of the variatio 
temperature ? 


Conduction in metals 


D of resistancs of a metal with. 


is due to the dirgotiva 
electrons in th» metal under a P.D, When the te 


directive motion of electrons 
` incrəases which dacreases the 


movement of free. 
mperature rises, the 
and their random motion 
Current strength or increases the. 


deoreases 


resistance. 

3. Can you name a substance whose resistance decreases with, 
temperature ? 

Electrolytes and carbon show a negative temperature.cog 
resistance. - р 

4, What is the most important practical application of the v; 
of resistance with temperature ? 

Variation of resistance of metals (specially platinum) is utilised in 
measuring temperatures within a long range. 

5. Why do you employ the compensating wire ? 

This eliminates the resistance of the lead wires connected to the. 
given wire. 

6. Which method you would prefer to measura itis resisto naofa 
wire at various temperatures ? 


ficient of 


ariation. 
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Callender and Grifüth's bridge is the best arrangement to measure 
the resistance of given wire at various temperatures. Carey Foster's 
bridge may also be employed with accuracy. 


7. Is the temperature-coefficient of resistance the same at all 
temperatures ? 


No, its value is different at different temperatures and that is why 
we call it the mean temperature-.coefücient of resistance within a 
specified range of temperature 


51. To measure the resistance of electric lamps (a) at 
room temperature, (b) and at rated current. 


(a) Lamp-resistance when соіа: The resistance of an 
electric lamp at room temperature can be measured by employing 
a Р. О. box. 


Connections of the apparatus : The electric lamp is 
introduced in a socket provided with two binding screws. This 
lamp is joined in the fourth arm of the P. O. box. The battery 
and the galvenometer are connected in the usual manner [for 
details of connections see experiment with P. O. box Art. 29] 


Theory: Н О, P and А be respectively the resistances in 
the first, second and third arms of the P. О. box, then for no 
deflection of the galvanometer the resistance S of the lamp 'is, 
by the Wheatstone bridge principle, given as, 

P_E 
Owes: 

The relation (1) is employed to measure the resistance S of 

Jamp at room temperature. 


o 58= 98 -— (1) 


Procedure: [Same as in Expt. with P. O. box; Art. 29, 
but pertorm the operations with the ratio Q : P as 100 : 100 and 
400 : 1000 only.] : 


Experimental data : 


[Same as in Expt. with P. O. box, Art. 29.. When one 
lamp is given write 5, for r, and omit the columns of гу, R, and 
R;, but when two lamps are given write S, for г; and S, (resis- 
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tance of second lamp) for г, and omit the columns of R, and 
R,]. 


(b) Lamp-resistance when hot: The simplest method of 
measuring the resistance of a lamp when hot, is to employ an 
ammeter and a voltmeter. 


Connection of the apparatus: One terminal of the 
main (say--ve) is joined to one terminal Т, of the lamp through 
an ammeter A (having a range 0—5 Amperes reading up to -1 


Ampere) and a rheostat Rk (having a high current bearing capa- 
city). The other terminal of the main (say —ve) is joined to 


Fig. 81 


other terminal T, of the lamp through a switch K (placed in the 
live wire). A voltmeter (of range 0—250 volts) is connected 
parallel to the lamp. The Connections are shown in Fig. 81. 

[N.B. The resistance in the rheostat Rh is to be made zero, 
when the resistance of the lamp at the voltage of the main is 
required.] 


Theory : If C amperes cu 
a potential difference of E volts 
S' of the lamp is given by, $/ 


trent flow through the lamp under 
, then by Ohm’s law the resistance 
ЕС оно e ec (2) 
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The relation (2) is employed to find the resistance S’ of the 
lamp when hot. 


Procedure: (i) At first the positive and the negative termi- 
nals of the D.C. main are ascertained by introducing the free 
ends of the two wires coming from the plug in a beaker contain- 
ing tap water. 'The terminal at which there is a profuse libera- 
tion of the gas (Hydrogen), is the negative terminal. 


(ii) The ends of the wires are then joined in series with the 
given ammeter, a rheostat Rh (if the resistance of the lamp for 
different current strengths in it, is required) and the lamp L, so 
that the positive of the main is in connection with the positive 
of the ammeter. The voltmeter V is connected parallel to the 
lamp. 


(üi) After switching on the circuit, the readings of ihe 
ammeter and voltmeter are noted from which the resistance of 
the lamp, when hot, is calculated by using the relation (2). 


(iv) If the variation of resistance of the lamp for different 
values of current in it is required then the resistance of the 
rheostat Rh is altered from a very high value to-zero value and 
in each case the ratio of the potential difference (E) at the ends 
of the lamp (obtained by voltmeter)-and the current (C) flowing 
through it (obtained Бу an ammeter reading up to -1 amp.) gives 
the resistance (S^) of the lamp. Then a graph may be drawn by 
plotting current (C) in amperes flowing through the lamp along 
abscissa and the corresponding resistance (S) along ordinate. 
This graph will show the variation of resistance of the lamp with 
current flowing through it. 


s 


(v) The experiment may be performed with two lamps, the 
filament of one of which is carbon while that of another is a 
metal, say, tungsten. In the case of carbon the resistance 
decreases with the increase of current in it while in the case of а 
metal the resistance increases with current. 
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Experimental data : 


No. Ammetor| Voltmeter Res. of the lamp 
ag of im reading reading in ohms - S' - ЈС 
tà P | gps, resistance (C) in Amp| (E) in volts 

| 
1 infinity 0 о (S1) when cold 
А 2 | V.high (5) » hot 
| 
8 high | АМРЕ 
о | 
Е etc, etc. eic. .| etc. ete. 
[o] I 
6 Zero | » У. bot 
| 
E 1 | infinity 0 о 5-45.) when cold 
Я L 
2 ДВ! 2 |v.nig (Ss), — hot 
Bex 
$ | otc. etc: | etc. etc. etc. 
3 Е 
© А 
[N.B. For опе Observation only, make the experiment with 
Zero rheostat resistance.] 


Oral Questions and their Answers 

1. What are the advanta, 
The advantage of this me 

of the resistance can be 


ges and disadvantages of this method ? 


thod is that it is very simple and the value 


quickly obtained, The disadvantage is that the 
method is not an accurate one, 


12. Will the resistance of th» lamp be Greater or less when hot than 
. when cold 7 

For a metallic filament 
but for carbon filament 
when cold 7 


& lamp, the resis 


tance js greater while hot, 
lamp. the resist; 


ance is low while hot than 
9. If an extra resistance be ʻi 
resistance of the lamp be the 88M3 а 


8 before 9 
No; for by the 


the filament 
will also be less. As a result, the resistance of the metallic filament 
lamp will be decreased while that of the carbon filament will be 
increased. 


4. What is the relation between the resistance Ro of al metallic WS 
at 0°C, and its resistance R1 and 20. r 
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The relation is given by, R:—R, (1-«xt--B/2), where < апа В are 

constants. 

52. 'To study the variation of thermo-e.m.f. of a thermo- 
couple with temperature and to determine the melting point 
of a solid with its help. Y 

Construction of thermo-couple: The couple ordinarily 
employed is copper-constantan couple which gives about 40 
microvolts per ^C. It consists of three pieces of wires, each is 
about 1 metre long. Of these three wires, two are of copper 
while the third is of constantan. The two ends of constantan are 
kept soldered to one end of each of the two copper wires. Two 
glass tubes T, and T; are kept introduced in the copper wires to 
be sure that the metals touch at the junctions only. The couple 
is shown in the Fig. 82. [This couple should be supplied to 
the students for performing the experiment]. 

Connections of the Apparatus : The connections are shown 
in Fig. 82. The apparatus consists of two circuits, viz. (1) 
ihermo-couple circuit and (2) potentiometer circuit. These two 
circuits will then be interlinked. 


COPPER COPPER 


Fig. 82 


(1) The junction Jı of the couple is kept at the middle of | 
а beaker filled with powdered ice mixed with a little water to 
fill up the air spaces. The junctions J, of the couple is kept at 
the middle region of water taken in another large beaker [for the 
current flows from constantan to copper at the hot junction Jẹ]. 
The temperature of this water can be varied and the temperature 
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at any stage сап be measured by a thermometer M reading 
[1/10]*C. 


(2) The potentiometer circuit їз formed by joining the 
potentiometer wire B,NB. in series with a plug key К, a resis- 


tance box R, and a battery B (usually one alkali cell). The 
-Fve of B is connected to By. 


To interlink the two circuits, the copper wire С, from = 
cold junction J, is joined to the jockey J of ea PR 
through a sensitive galvanometer G and a fixed high resist 5 à 
S(S=200 ohms). [After finding an approximate null poin de 
should be made equal to zero to have the correct null point by 
increasing the sensitiveness of galvanometer.] 


The copper wire C; from the hot junction J, is joined to the 
binding screw Ву of potentiometer (where the --ve of battery 
B is also joined). The value of R, should be such that the 
potential drop (Р) per cm. of the potentiometer wire should be 


nearly 5 micro-volts (—:5X10-*volts) when the highest tem- 
perature of the hot junction (Js) will rot exceed 100°C. If the 
highest temperature of the hot junction exceeds 100*C then К, 
should be calculated by taking р equal to 10 microvolts per cm. 

Theory : When one junction of a thermo-couple is kept at 
0°С while its other junction is maintained at a higher tempera- 
ture, a thermo-e.m.f. e will be developed in the couple. If this 
e.m.f. e be balanced against the potential difference e 
the ends of a length Т of a potentiomete 


xisting at 
(L is usually 1000 cm.) havin 


r wire of total length L 


g the potential drop p volts per 
unit length then, 
€ — pl volts es (1) 
If E be ће елт. of the st 


Orage battery B in the poten- 
tiometer circuit, R be the resistance of the potentiometer wire 
of length L, and R, be the external resistance in series with the 
potentiometer circuit then, 


ER 
“(R+RQL volts per cm, 
From (1) and (2) we get, 


(2) 


nm SERI : 
er (R+R)L volts (3) 


4T 
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By measuring the thermo-e.m.f. e with the help of the eqn. (3) 
for different temperatures of the hot junction a curve may be 
drawn by plotting temperature ¢ (in °C) of the hot junction 
along x-axis, while the corresponding thermo-e.m.f. e along 
y-axis. Within a small range of temperature (which is far away 
from neutral temperature) the curve would be a straight line as 
is shown in Fig. 84 drawn from a sample data. This curve is 
called calibration curve of the given thermo-couple. 


By introducing the hot junction (Je) within a bath of un- 
known temperature (T°C) the corresponding thermo-e.m.f. e' 
for this unknown temperature T°C of the hot junction, can be 
calculated from (3) by finding the balanced length / on the 
potentiometer wire. Knowing e', a horizontal line is drawn from 
the point e' on the y-axis to cut the curve at A [Fig. 84]. The 
ordinate drawn from A will cut the temperature-axis at D, 
whose value is T°C. Thus the unknown temperature T°C of 
the bath can be obtained from the graph.* 


Procedure : (i) The resistance R of the potentiometer 
wire is measured by a Р.О. box (or the value of R should be 
supplied). The e.m.f. E of storage cell B in the potentiometer 
circuit is measured by an accurate voltmeter reading at least -01 
volts. The e.m.f. ef the cell should be measured before and 
after the experiment to see whether E remained constant through- 
out the experiment. 

(ii) The value of А, should be calculated from the relation 
(2) by assuming that» shall be 5 micro-volts (=5 10° s volts) 
per cm, and the highest temperature of the hot junction shall 
not exceed 100°C. The temperature of cold junction is always 
maintained at 0°C. The applied value of К, should be a round 
number near about the calculated value of R;. 


* The unknown temperature Т°О can also be calculated by employing 
any one of the two following formulae given by (4) апа (5) when the 
thermo-e.m.f. e' corresponding to 7^O is known. "Thus, 

e'—aT4-bT2 ase om eS a (4) 
е!=ать vae e des ae (5) 

To find the constants а and b, thermo e.m.f.'s е; and ез of the 

couple are to be known at two known temperatures /,?0 and #,°C 


(cont. at the foot of p. 252] 
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(iii) After making connections of the circuit in the manner 


shown in Fig. 82, the null point is noted several times when the 
junction J, is kept introduced into water. at г 


(1,°С). Тһе mean of these several null poi 
employed to calculate the thermo-e.m.f, (e. 
ture (/,?C) by using the eqn. (3). 


oom temperature 
nts (1,) should be 
). at room tempera- 


(iv) The temperature of wate 
introduced) is now raised by ste 
several null points are noted b 
maintaining its temper 


r (in which junction J, is kept 
PS of 10*C and at each step, 
У constantly stirring the water and 
ature constant for at least 3 minutes. The 
mean value of these null points at each temperature is employed 
to calculate the thermo-e.m.f. at that temperature by using the 
equation (3). Proceeding in this way, the mean null point is 
determined at the maximum temperature (1,?C) of water in the 
State of boilaing and hence the therme-e.m.f. (es) at this tempera- 
ture (/;*C) is also calculated from (3). 


(v) A graph 


is then constructed with the temperature 
(°C) of the hot ju 


nctiom as the abscissa and the corresponding 
! 


°0 and boiling point ts°C of water), 
d T, we get from (4), 


(say room temperature f, Thus if едр. 
(4) is to be employed to fin 


9, ai, bt, 2 


ce xp © (6) 
es =at or bi, 2 n LED eu a (7) 
By solving (6) and (7) we get, 
па 61122 —e5t,2 
а=! 
tatı (6-1) mS Sd zx (8) 
b 3l — 630, 
tal (=) (9) 


Again if eqn. (5) ів іо be employed to find gu 
&,-abande,-ato 4. (10) 
By solving the relations of (10) we get, A i: 


We geli from (5), 


= 108 62—106 e, 
log t, —log t, 


Knowing b from (11) the value of а can be obtained from the 
; СА 
relation q=—1 
1 
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thermo-e.m.f. (e in millivolts) as the ordinate. This curve 
is called calibration curve of the thermo-couple. As the neutral 
temperature of the couple is far away from the highest tempera- 
ture employed for hot junction, the curve would be a Straight 
Кае (straight part of parabola) as shown in the curve of Fig. 
84 drawn with a sample data. 


(vi) To find the melting point of a solid, the hot junction 
J, is then introduced in the solid taken in a test tube. This 
test tube is introduced in the water bath whose temperature can 
be varied. The null points on the potentiometer wire is noted 
after an interval of one minute from the beginning of the melting 
of solid till whole of it melts. The same procedure of noting the 
null points after an interval of one minute is adopted from the 
beginning of freezing of liquid till whole of it is solidified. 


(vii) Two curves are then drawn by plotting time along 
x-axis and corresponding nuli point along y-axis. The natures 
of these curves will be like those shown in Fig. 83 (a) [during 
melting of solid] and in Fig. 83(h) {during freezing of the 


^ 
|| | During melting j During freezing 
г Е 
3 | А ei 
= ыр 
= А) 
E B A 4 E 
E id 5 i a 
2 i = r 
l 
Time in minutes —> Time in minutes к=: 
Fig. 83(a) Fig. 83(b) 


liquid]. Both the curves will show a horizontal part when the 
melting or freezing of the substance is going on. The, ordinate 
(") of this horizontal part will be the actual null point. The 
mean of these two values of / (one during melting and another 
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during freezing) should be employed to calculate the thermo- 
em.f. e’ corresponding to the melting point T°C of solid by 
using eqn. (3). 

(viii) Knowing e' the corresponding temperature T°C can 
be found from the graph [Fig. 84]. This unknown tempera- 
ture T°C can also be calculated from the relation (4) or (5) by 
determining constants a and b from the knowledge of thermo- 


€.m.£'s e, and e; at room temperature г,°С and boiling point 
t:°C of water. 


(ix) [If thermo-electric power P (- EA at a given tem- 
perature 0^C is required, an ordinate 
on the abscissa whose value is 0°C [Fig. 84]. This ordinate, 


will cut the curve at О. As the curve is a straight line, the 
thermo-electric power at 9*C will given by, 


is to be drawn from a point 


| Р= 9-р 8-28. milli-volts/°C,] 
Experimental data : 
(A) Determination of the resistance(R) of pot. wire :— 
| TABLE I 


[Make a table as in Expt. 29; put R £or 7; and omit the 
colums containing ғ, №, and Rs]. 


(B) To find E and RES 


TABLE 11 


1,=1000 cm.; R=.. ohms [from Table I]. 


| E.M.F. (E) of cell 
В in volts. 


Approx. Res. (R^) required | 
to make p=5x10-6 Volts 


Actual 
Dearly per cm, is, Hu- 


value of 
R, applied 
in ohms 


lr — 
Before | After | Mean 
Expt. | Expt. (Е) 


an R | ohms 


— 
ü 
m 
l 
$ 524 


a 


Le 
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(C) Temp.—null point record :— 


TABLE III 


=0°C. 


Temp. of cold junction 


830A-T[TIUT 
Ur 0]=әд 
{ш%-ошләцд, 


"S3[0A-1[[TUT 
m (+) _ 


sor xaT 
='*шәо Jed es 


1зїўпөзод 


(1) 
өзпүвч 
10J *pbor eit 
‘god jo q8ue[ [930], 


ur C 
өүвов пвәү 


E 


8 
a 
@ "шо ur 
la] Surpeor 
3 | opos oq} у 
д 
LE 
orm ОЕ 
"Do Ut 


uomoun( gog 
Jo o1njerodure 


ete. 


*8q0 JO ‘oN: 
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(D) (Time)—(Null point) data during melting and 
freezing :— 


TABLE IV 
————— A S тыа ms i A 


Null points during melting Null points during freezing 


Time On | At the | Total length Timo | On At the 


Total length 
in wire ,S.R.in | for null pt. | in wire |S.R.in | for null pt. 
mins. | Мо. | ош. in ош. mins! No. em. in ош. 
| _— 
1 
| 
1 хаар 1л] <= 
2 | : 2 
3 3 
4 - ec an 4 Ж we co 
ete. eto. eto. etc. etc. | etc. etc. etc. 


(E) Drawings of (e—t) curve :— 


Two curves are now drawn by plotting time along x-axis and 
its corresponding null points along y-axis, when the substance is 
melting and freezing. The nature of these curves will be as 
shown in Figs. 83(a) and 33(b). Both the curves will show 


a horizontal part, indicating that the null point and hence the 
temperature of the hot junction is 


› r remaining constant during 

melting and freezing of the substance. The mean of the ordi- 

nates of the horizontal parts of: two Curves is to be found out. 
Let this mean value be /’, ! | 

(F) Drawings of (e--t) curve :— 

To draw this curve, 

junction in °C is plotted alo 


| | ts is plotted along y-axis. Аз the 
range of temperature is small and far away from neutral 
temperature, the cury 
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portion of parabola). То find unknown temperature T°C for 
which thermo-e.m.f. is e', a point F is taken on the y-axis 
whose value is е. A horizontal line drawn from F will cut the 
curve at 4. "The ordinate drawn from 4 will cut the tempera- 
ture-axis at D, whose value will be the unknown temperature Т°С. 
The curve shown in Fig. 84 is drawn from the sample data 


> 
о 
К 


34 


Thermo-e.m.f. (e) in milli-volts —> 


в [] [1] 

25 66 6 ! 

72° 2 
Temperature (t) in °C ——» 


Fig. 84 


given in Table V. Is this sample curve, the thermo-e.m.f. at 

the unknown temp. (T°C) has been shown to be 3:02 milli-volts 

whose corresponding unknown temperature is 78:5°С. i Я 
17—P. ц 


П 
бй a 
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TABLE V 


| 
46° | 56° | 66? | 76° | 100 


Temp.(i)in?O | 26° | 36° 
= 


Thermo e.m.f.(e) |1'013|1:375 
in milli-volts 


онал? 9:587 | 2796 | 3°955 


(С) Determination of the melting point of solid :— 


TABLE VI 
| К ^ 
Constant null point in | CPU pomo 
cm. from the curves. Value of Thermo. e.m.f. lid f 
p'in milli-| at ТО. is кодеш толо, 
volt from e'2l'p in 
During | During | Mean | Table III| millivolt. (в—{) |Calcula- 


melting |freezing (2) curve tion 


—— ues |. | 
: N.B. [Calculation of T may be made by using either 


2 the 
relation (4) or (5) after finding a and b from the values of ei 


and €» in volts at 4°C (room-temp.) and °С (В.Р. of water) |. 


1 I (Н) То find the thermo-electric power p -de 
р d 


: at a given 
temp. 6°C :— : 
bel 
+ | (For finding the value of P : oc А . 
1 ot at temp. 6 C 
Уу р. 9°C, see item (ix) of 


) 

ї 

| Discussions: (i) The cold junction sh 
| ould be carefully 
guarded throughout the experiment, so that its temperature may 


z n 
E (x ‘Ge To avoid the Presence cf air between ice parti- 
> Water should be poured to cover the air spaces between the 


particles of ice. By this, uniformit 
ot ісе. Е E of t ing 
DEDE E Y of temperature surrounding 


(iii) The junctions (J, and Js) should be kept at the middle 
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region of the baths so that the temperatures of the junctions may 
not change due to a small variation of the temperature of the 
surroundings. 

(iv) The experiment should be performed within a small 
range of temperature so that the (e--1) curve within that range 
may be approximately straight. 

(v) To guard against fall of potential of the battery B, 
during the experiment, its e.m.f. should be measured several 
times during the experiment. 

(vi) The resistance №, should be made such, so that the 
null point may be obtained at the last wire, provided that arrange- 
znent maintains sufficient. sensitiveness (after making S= 0). 


Oral Questions and their Answers 


1. What are (i) Seebeck, (ii) Peltier and (2%) Thomson effects ? 

(i) It is a phenomenon, in which electric current is produced by 
‘creating a difference of temperature between the two junctions of two 
dissimilar metals. (д) It is a Phenomenon, in which difference of 
temperature is created between the junctions by sending a current ina 
thermo-couple. (ii) It isa phenomenon, in which a P, D, is produced 
between the two points of the same conductor having a difference of 
temperature between them, 

2. What is the neutral temperature of a couple ? 

It is the temperature of the hot junction at which the thermo-e.m.f. 
generated in the couple.is maximum, the cold junction being at 0°C, 


3. What are the laws of () intermediate metals and (ij) inter- 
mediate temperatures ? 


(i) The insertion of an additional metal into a thermo- 
alter the e.m.f. of the couple provided the additional metal is at the temp, 
of the point at which it is inserted, (4) The e.m.f, ofa couple with 
junctions at temps. T, and T, is the sum of the e.m.f.s of two couples of 
the same metals, one with junctions at temps. T, and T, and another 
with junctions at temps. T, and Т,. 


couple will not 


4. What is the relationship between the thermo-e,m.f, (E) and 
temperature (t) ? 

Within a small range of temperature, 
E=at+bt2, or, E—atb, 

5. What are the practical applications of a thermo 

It is employed, (i) to measure high temperature, 
sensitive milliammeters and galvanometers to measure 
current, (iii) for the measurement of radiant heat, 


their relation is given by, 


-couple 7 
Gi) to construct 
small alternating 
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6. What is pyro-electricity ?—It is an electrical effect in which 
certain crystals, especially tourmaline, exhibit electrical charges when 
heated or cooled. 


53. Triode valve and its action, 

Construction: Triode valve consists of an evacuated glass 
bulb B containing (i) filament (F), (ii) a metal cylinder (A) 
called anode and (ii) a cylinder of wire gauge (С) known as 
the grid [Figs. 85(a) and 85(b)]. 


e & 


rai B. 


G; F F> A; 
Fig. 85(a) Fig 85(b) 

. (i) The filament F is a fine wire of tungsten the ends of 
which are joined to the two pins F, and F » By heating this 
filament with a steady current, thermo-electrons can be emitted 
from it. This atmosphere of thermo-electrons round the filament: 
is known as the space charge. 

(ii) The anode A is a metal cylinder whose axis coincides: 
with the filament F. This cylinder is connected to another pin Ay 
By applying a suitable positive potential to this cylinder, electrons 
irom the filament or cathode can be dragged on it causing à 
current known as the anode current, 


J 


' obtained is called the characteristic сигу 
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(iit) The grid С is a wire gauge cylinder which is co-axial 
with the anode 4 and is placed inside the anode surrounding 
the filament or cathode F. This is a control electrode by which 
the electrons from the cathode F can be accelerated or retarded 
by applying positive or negative potential to the grid respec- 
tively. The grid is connected to another pin G; Thus in the 
outside of the valve we get four pins which can be introduced 
within the four holes of a socket. 

Action : When the--ve and— ve terminals of a battery В’; 
(usually of 4 volts E.M.F.) are respectively joined to the two 
terminals F, and Р, of the filament (Fig. 86), it is heated and 
emits electrons. When the positive of a high tension battery B’, 
(say of 100 volts E.M.F.) is attached to A or A, while its nega- 
tive is attached to F, (Figs. 85 and 86), the electrons round the 
cathode will be attracted by the anode A producing a current 
known as the anode current. Thus greater the value of the anode 
potential greater will be the value of anode current until satura- 
tion is reached. This current can be measured by a milliammeter 
(M.A.). 

If now the positive of a battery B’s is joined to G or G, while 
its negative is joined to Ру, the electrons moving towards the 
anode will be accelereted and a greater number of them will 
attach on the anode within a short time causing an increase of 
anode current. On the other hand, if the negative of the battery 
B'; is joined to С ог G, while its positive is joined to Р. (Fig, 
86) the electrons will be retarded and a less number of them 
will attach on the anode causing a decrease of anode current, 
At a certain ~ ve potential of the grid, no electron Will reach 
the anode producing no anode current. 


If a graph be constructed with the 


grid voltage as the 
abscissa and anode current as the ordinate 


then the curve so 
'€ of the triode. 


We get 
ent anode voltage: 


S as are 


different characteristic curves for differ 
shown in Fig. 87, 
54, To draw the characteristic curves of а triode ang 


hence to find its (a) amplifying factor, (b) internal resistance 
and (c) mutual conductance, с 
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Connections of the apparatus: Detailed connections of 
e . 
the circuit are shown in Fig. 86. 


Fz Ww, B4 


(a) Anode Connection : (ї) Ву 


using -D. C. main.— 
Suitable + уе potentia] 


More) may be applied 
by using а D.C. main (B^) as shown 


and — ye terminals as wel] as the live ter- 
termined, By i 


+ Of a high resistance 
he +ye end’ B; of the wire R, is 
ѓа milliammeter (M. A.) by a 
wire W,. The —ye terminal] o 
joined to the anode 4, er wire W, is joined 
he other end of Ws 
can be connected to any point 
clip towards Ог away from the 
aller Рр, can respec- 
: and filament p, The 


als of the milliammeter 


2 Of the filament, respectively. The voltmeter 
should read from 0 to 230 volts 


fii) Ву using а battery. 3e а battery (either dry battery 
or storage battery which 


"P to 180 volts) is 
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given then the high resistance wire R;, the switch S, the connec- 
ting wires B^,B; and B’,SB; are not at all necessary. The given 
battery should be inserted in the place of high resistance wireR;. 
The --ve terminal of this battery should be connected to the 
-Fve of milliammeter (M. A.) through a key K, and connecting 
wire Wi. The —ve of miliiammeter should be connected to the 
anode A; The —ve terminal of the battery should be kept ` 
free (i.e. it shouid not be connected to any thing). One end 
af another wire W, should be joined to the filament Р, 
the other end of W, should be joined to a clip C", By co 
ting this clip C' to the — ye pole of any cell of the battery a desired 


is 
plied P.D. between 4, and Е, сап be me 
voltmeter (V,) between W, and Ws. The +ve of voltmeter 
should be connected to W,, which joins the --ye of milliam- 
meter while the —ve of voltmeter should be joined to the wire 
W. (or filament F,) which joins F,. This voltmeter should 
tead 0 to 230 volts. 
(b) Filament connection : One terminal Fi 
should be connected to the J-e pole of a b 
"volts e.m.f.) through an ammeter (M), 
and a plug key (K.). The —ye pole of B’, 
to the —ve terminal F, of the fil 
the wire W, (as well as the — ve 
Rheostat R, should be adjusted to 
directed by manufacturer) through the filament, This Current 
can be obtained from the ammeter M. 

(c) Grid connection : To apply suitable ED (hye or 
—ve) between the gtid (G) and the filament (F,) 
terminal Т; and — ye terminal T; of à battery Ba 
volts e.m.f.) are respectively connected through a p 
to the two lower binding screws B, and B» of a sliding rheostat 
R, [for this rheostat see Fig. 38(a)]. The + ye 
of this rheostat is connected to one of the two mid 
cups (Cs) of a Pohl commutator [for Phol com 
Figs. 37(a) and 37(5)], while the other middle 
(Cc) of the commutator is joined to the upper bindi 


of the filament 
attery В (4 to 6 
а rheostat (R5) 


mercury cup 
ng screw ( B) 
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of the rheostat which is in connection with the sliding contact (C) 
[see Fig. 38 (a)]. The mercury cups Сз and C, (which are 
on one side of the commutator) are respectively connected to the 
grid С and to the — ve terminal Ез of the filament. To measure the 
applied P.D. between С and Р» the--ve and— ve of a voltmeter Vg 
(reading 0 to 30 volts) are respectively connected to the binding 
Screws B, and B of the rheostat (R). By moving the. sliding 
contact (C) towards or away from Bi, smaller or greater P.D. 
can respectively be applied in the grid circuit. By turning the 
rocker of commutator towards C, C, +ve potential can be ap- 
Plied to the grid while by turning the rocker of the commutator 
towards C,C;,—ve potential can be applied to the grid (G). 


node voltage V,, a curve R, is 
g ) as abscissa and the correspond- 
Ing anode current (;,) as ordinate then this curve is called the 
static characteristic curve of the triode for the fixed anode 

i For different values Ve, Vs etc. of the anode 
ME tS Stent characteristic curves Re, Rs etc. as are 


The Fig. 87, shows that a given change (RQ) of anode 


e 


Anode current —- 


- ve =a 
L О Gu voliage~+ve Vy 
Fig. 87 


current can be caused either (i) by changin, 
(7) by PQ [when the anode voltage (y: 
ог (її) by changing the anode potential 


ing the grid voltage 
is kept fixed at (V5) ] 


(Va) by (V,—Vj) 
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[when the grid voltage (V,) is kept fixed at OL]. The three 
constants of the valve, viz—(i) amplifying factor (4), (ii) inter- 
nal resistance ( R;) and (iii) mutual conductance (gm) can be 
obtained from the straight portion of the static characteristic 
curves as follows : : 
(i) The amplifying factor (и) of the valve is given by, 
change in Va for a definite change of ia (when V, is const.) 
= change in V, for the same change of ie (when Va is const) 
or, mea (from curves Rs and Ra) ssel I(T) 
(ii) The internal resistance (R;) of the valve is defined as 
the ratio of the change in the anode voltage (8Va) to the 
corresponding change in the anode current (Sia) when the grid 
voltage is kept constant. Hence we get, 


Ri Ys. E x 1000. [when У, is fixed] (9) 


[where i, (RQ) is in milliamperes] 

(iii) Mutual conductance (g,) of the valve is defined as 

the ratio of the change in anode current (ŝia) to the corres- 

ponding change in gird voltage (5 Vg) when the anode voltage is 
kept constant. Thus we get, 

mista RQ 


Im 37, “Pox 1000 [when V, is fixed] ө - (3) М 
[where ia(= RQ) is in miliamperes]. 
Again, a=b Ka Va Bie „р x gm om 49 


Semon SV? 

The points P, Q and R on the curves should only be taken 
on their straight portions, for ^, R;and ym remain constant in 
that portion only. 

Procedure : 

(a) To draw (V, — ia) curves- -(1) A high tension of 90 
volts (say) is applied to the anode by joining the clip C’ to the 
— ve pole of a certain cell of the battery B’, or to a certain 
point of the variable resistance Кз (when D.C. main is 
Ж key К» is closed and the variable resistance R, is 

diu Ey to have a current in the filament (as indicated by the 
wi M) as prescribed by the manufacturer. 
а 
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Gi) Maximum —ve potential is applied to the grid by 
moving the sliding contact of rheostat К; towards В, and turning 
the rocker of commutator towards C, Cə. This grid voltage is 
recorded by the voltmeter V,. To note the Corresponding anode 
current, the key К, (or the switch S when D.C. main is employed) 
is closed and milliammeter (M.A.) reading is taken. 


(v) The sliding contact С is now gradually moved towards 
B, until the grid potential is reduced to zero. At each stage, 
the grid voltage y, is noted by the voltmeter (V,) while the 
corresponding anode current (ial is noted by the millimmeter 
(M.A.). The key Кү (or the switch S in the anode circuit ) is 
to be kept open during the time of new adjustment of the 
gird potential. 


(v) To apply +ve potential to the grid, the rocker of the 


the grid. At each stage, the grid 
Voltage and anode current are noted as before. | 


(vil) The experiment is repeated for two other anode 
voltages (say 100 volts and 110 volts), ~ 


(vii) For each anode voltage, a curve is drawn with the 
grid voltage (V3) as abscissa and the Corresponding anode current 
ia (in milli-amperes) as the Ordinate, which is the static charac- 
teristic curve of the triode for the given anode Voltage. We get 
three such curves А, R, and R; for three different anode poten- 
tials Vy V; and V, [Fig. 871. Selecting the Straight portions 
of a Pair of curves р R and gm аге separately determined by 
employing the curves R, and R,, R, and R, and also R and R;. 
From these, mean values of [297 { 


: and o, are found out. 
(b) To draw (ү — 


[which can be Obtained from the voltme: 


B, and B of Fig. 86], various values 
[measured by the millia 


Фа) Curves. — For а fixed grid voltage И, 


ter V g Connected across 
of anode current (i, ) 


ER 
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are found out. By plotting anode voltage V, along x-axis and 
its corresponding anode M 
current i, in milliamperes 
along y-axis, we shall get 
a curve which is also 
known as the static cha- 
racteristic curve of the 
triode. In this way 
we may draw several 
lia- Va) curves Rs, Ra 
R, etc. [as are shown 
in Fig. 88] correspond- 
ing to fixed grid voltages, 


MS > Vg» Ма, 


ia 


Anode: current in m.a, —> 


Anode voltage —— 


Vgs» Vaa, Var, ete. Fig. 88 
[Vos > Vga > Va]. ; 
Experimental data : 
(A) Record of data for drawing(V, – їл) curves ;— 
` TABLE І 
Filament voltage = . . . volts. 
» current— ...amps. 


Applied grid 
voltage (Vg) 
in volts—> 


Corresponding anode 
current (iq) in 
milli-amperes when 
Va=Vi=.. volts—> 


Corresponding anode 
current (ia) in milli- 


amperes when 
Уа= Уз = volts—> 


| 


Corresponding anode 
current (ёа) in milli- 


| 
amperes when | 
Va=V s=. volts—> | 


——— 


iq) curves are to be drawn with data of columns 
ѓа 


N.B: [Three (Va- 
(1 & 2) 5 (1 & 3) and (164). 
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(B) Drawing of (V, — i| curves :— 

Grid voltage (V,) in volts is plotted along x-axis while the 
corresponding anode current (ia) in milliamperes is plotted 
along y-axis. Three such curves are to be drawn on the same, 
graph paper [each curve is for a fixed anode voltage, say Vi; 
(90 volts), Ve (100 volts) and V; (110 volts) by using the data 
of columns (1 &2), (1 & 3) and (1 & 4) of table I]. The nature 
of these curves would be as shown in Fig. 87. 

(C) Calculations ој », В; and |, from (V, — ia) curves : — 


TABLE Ц 
ао а л т = 
Je e o| e 
IN "ol m © |2 2 s 
[ES PE E u a [2 zx ы 
| Curves Bets gS наз REESE > RBS 
employed ERATES och» | |0 е со 5 | e8 ! 
wr O28 mS to vle 2 gis g9 ЕВ 
соја S = © |с |S © s.a 
8.55156. SE И еа С о 
69622 85 tg" ig 2 
S 
R, and R, 
ы) 
Р, and Р, 
(У-У) 
—— c| — 
Rs and R, Я 
(Vs—V;) | 
(D) Record of data i 
4 or x . 
for drawing (Va — ia) curves :— 


ы TABLE Ш 

ake a table, like the i i 

—(i) In column 1, write ed чы кыгы Su rid 

voltage’ (Vj) ` (ii) In columns 2, 3 and 4, Write V ; i 6 v a 

Vor» Voss Vos for Va, V, and V, respectively]. gpa KON 
(E) Drawing of (Иа а) curves :— 
Anode voltage (V ;) in volts is Plotted along x-axis while the 


corresponding anode current (ia) in milliamperes is plotted along 
y-axis. Different curves are drawn on the same graph paper, each 
, 


-— 
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being for a fixed grid voltage. The nature of these curves is 


. shown in Fig. 88. 


(Е) Calculation of u, Ri, and gm from (Va A curves :— 


TABLE IV 
| | ) 
3 e [58 | | 
CA S. cla Ма 
© >> "051,80 " E 
а ae ISP ЕН ШЫ [sl ант, 
Е SM ө Н.б О S sm*|s|mB|*g 
E EE ЕЕ А SS [Salo] © o Sa 
2 25 ЕЕ ЕДЕ "8 sis $9 
Ё ёс О! 25| е SEIS = Ё 
5 Әс 25 "Wa 
| | 
R, and R, Mus «x Mieten] este your | T 
(Vos—Vos) | 
| 
R, and Ri qu se | e ES | d ves ase E 
(Vos—Vox) | " 
| 


N.B. [If only (Vg —ia) curves are wanted then omit the items (D), 
(E) and (7) of ‘experimental data’ and also cmit item (b) cf *prcceduse?]. 
Discussions: (i) As, R; and gm are constants at the 
straight portion of the curves, the points P, О and R should be 
taken at the straight portions only of the curves. 
(ii) The filament heating current should be kept constant 
"throughout the experiment by adjusting Ro, if necessary. 
(Ui) The +-ve of milliammeter (M.A.) should be joined to 
the +ve of high tension battery B’,. 


Oral Questions and their Answers 

1. What is a triode valve and how does it differ from a dicde ? 
Why they are called valves ? 

A triode has three electrodes, viz., anode, filament: or cathode and 
grid while a diode has only two electrodes, viz, ancde and filament. 
As the current in the triode or diode always flows in опе direction 
(from anode to cathode) it is called valve їп anglogy with a presture. 
valve which allows a fluid to flow in one'directionionly. 
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/2. What are the functions of filament, anode and grid ? | 
Filament emits thermo-electrons when it is heated by an electric 
current ; anode (which is kept at a high + ve potential) draws these 
electrons and produces anode current from anode to cathode while the 
grid serves as the control electrode which can accelerate or retard the 
thermo-electrons according as its voltage is made +ve or —ve. 
3. What is space charge? [See item (2) of the construction of triode]. 
4. Why the grid is made of wire-gauge cylinder ? 
Most of the electrons from filament will Pass through the clear space 


of the wire-gauge and, will attach themselves on the anode causing an 
anode current. Р 


5. What are the uses of triode ? 


It is used (i) for amplifying feeble oscillatory voltage, 
alternating or oscillatory current, 
frequency current, 


(ii) in rectifying 
and (iii) to produce undamped high 


6. What is the characteristic curve of d triode ? 

The curve connecting grid-voltage and anode 
anode-voltage) is called characteristic curve of a tri 

7. What positions of the Characteristic curv 
4i) amplification and (i) rectification ? 

(i) The straight portion of t 
produce amplification, If the i 


-current (for a fixed 
ode ? 


€ are used to produce 


circuit. This is known 


С i»! -bend (bend.point of grid- 
voltage grid-current curve) rectification can be made. 


8, Is there any other valve 
‘employed ? 

There are tetrodes, pentodes, etc. having four, five, etc, electrodes 
giving greater efficiency and selectivity, 


in which more than three electrodes are 


APPENDIX А 


TABLE OF PHYSICAL CONSTANTS 
(Light and Electricity) 


1. Refractive indices of substances for  D-line 
(58934). 


eee: kn ———-———————— 


\ 
Refrac- Refrac- Refrac- | 
Substance tive Substance tive Substance | tive 
index index index 
Alum 1:456 Aniline 1:59 Olive oil 1:46 j 
Glass Benzene 1:504 Paraffin oil | 1:44 | 
(crown) | 1*48.1*61 
Carbon Sulphuric 
Glass disulphide 1:632 acid | 1:43 
(flint) | 1:53-1:06 | 
«Carbon ` Turpentine} 1'47 
Mica 1:56-1:60 | tetrachloride | 1:464 
Water 1:333 
Rock salt | 1:544 Chloroform 1:449 i 
Alcohol Ether , 1:354 
(ethyl) | 1:362 
Glycerine 1:47 
Alcohol 
(Methyl) | 1:329 
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2. Wavelengths of some of the important emission lines E 
in Angstrom units (1 А. U.=10-® cm.). 


[The colours are indicated by the letters у, i, Б, 2, у, о, г] 
Е o | 
Substance | Ліп А Substance | Ain А Substance 
4159 v 3889 v 5765 у 
4192 v 4026 v 5853 y | 
090 4471 b 5945 о 
Argon 4201 v | Helium 4713 b Neon 6075 o 
229915 4922 bg 6383 o 
4703 b 5016 g 6402 о 
6031 o 5876 y 6507 r 
6678 
eio < 4044 v 
5 
5153 g 1065 Potassium 4047 v 
(е chloride 
od 2218 3970 v | inflame | 7668 p 
5700 y 4102 y 7102 r 
5782-09 y Hydrogen 4340 » |. 
2785165 4861 gp 1 5890 y 
Sodium (D) 
6563 + chloride 
inflame | 5896 у 
Мегсигу 
lamp 
| 
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3. Specific resistance and temperature-coefficient of 
resistance. 


Specific Temp. Specific 
Coeff of 


Temp. 


resistance 
in 
(ohm-cm.) 


Substance [Substanco 


| 


Aluminium | 321x10-9? | 38x107* |Manganin | 44°5x 10-9 02 to 


| | 5 х10-4 
Brass | 6-9 +, 10 » Nickel | irs 27 VS 
Constantan 49 » |-4 tol ,, |Nichrome | 110 д; daas 
Copper 178 » | 42:8 » |Platinum | 11 " LV fs А 
German 16 to 40,, | 23to6 ,, |Silver 163 t 40 ,, 
Silver 
Iron 13:9 » | 62 » [Steel 19.9 » | 16 to 49 
(wrought) 


——Ó———— M —— 


. E.M.F. of cells in volts. 


/ 


4 
E.M.F. 
| Cell in volts | Cell E.M.F. in volts 


Bunsen | 1°85 Weston Cadmium 1083 —-0000406 (¢—20) 


at °C 
Daniell 1:08 Acid storage cell 


| 
Leclanche's 14 


Alkali ,, m 


| 
E 
| rs 


5. Electro-chemical equivalents (E.C.E.). 
E —— PRA 


Substance Е.С.Е. in gms./coluomb 
Copper ' *0003293 
Hydrogen "00001044. 

Silver i “0011182 


—M— MÀ! 


18—P. II 


APPENDIX B 
MATHEMATICAL TABLES 
Uses of Logarithm and Antilogarithm Tables 


These tables are very useful for making an easy RUE 
tion of a fraction containing arithmetical figures. For this Ие 
pose, find separately the sum of the logarithms of aed 
the numerator and denominator. Then subtract the logari i 
of the denominator from that of the numerator and find + E 
antilogarithm (from the antilogarithm table) of this iunge s 
obtained. This antilogarithm is the required result of the sim- 
plification of the fraction. Procedure will be best understood 


from an example given below, (For details, see Logarithm and 
other Tables by Frank Castle). 


Example : 
. 8 LEES 
Simplify :— y= 760 x (25°76)* x (‘3) 


(51°6 + 980719) x (57°839)7 
` Logarithms of numerator åre, 


log 760 у - * = 9/8808. 
log (2576)? — 3 log (25°76) =3 (14109) —4'98397. 
logg(3)* = 


“4 log (°8)=3% (T4771) = i (10 +9°4771) 
= 4(T'9477) =1'7908, 
Logarithms of denominator are, 

log (516 + 28019) = log (33179) 


2 
log (57`839)7 = + log (57839) = 
='2517. 
Sum of the logarithms of numerator = 


= log (33178) = 2/5908. 
* log (57°83) 23 (1°7691) 


2'8808 + 493977 + 
17908 = 69043 
08 + 9517 


=9'7795 
log y={log. of Numr.—log. of Denomr.]. 


= (6:9043 — 2°7725) = 41318. 
Antilog. of "1398 (from table) = 1355, 
y — 13550. 


Sum of the logarithms of denominator = 2'59 


MATHEMATICAL TABLES 
LOGARITHMS. 


0[1[2 


сооо |0043 | 0086 


041410453 |0492 


27 


9 |: 23126 6/7 8 9] 


15 9159/1722 26) 3034 38 
0212 | 0253 0204 10334 |93741 4 8 12 162024 283236 


273135 


et 


n» | 0607 |0645 [0582 |0719 |o755] 4 7 11|151822|262033 
0792 | 0828 | 0864 1 43 711/14 1821/2528 32 
[969 | 10:4] 1038 | 1072 1105] 3 7 10| 14.27 20| 242731 
113911173 |1206 ..13 бто[їз:619|232629 
КИДЕ] 1303 | 1335] 1367 1399 | 1430137 12 1316 19222529] 
146111492 | 1523 4 {з 6 9|x2 222528 
z Б 2614] 16441 1673 | 1703| 1722 36 o|rài 2023258 
1761 | 1790| 181 їз б 7 |2023 20h 
oa 20631=== 7903 | £931} 1959 |1987 | 201413 6 _ 192223} 
041 [2 2095 6 111416|1922 
| i 2175 |22012227 | 2253) 22793 5 9|101316 182153 
2304|2330|2355 [3 5 8|z01315|:82023 
0|245512480| 224 2520/3 5 83|101215 172022 
2553|2577 | 2601 2 91214|171921 
XS 2672|2605]2718|2742|2765|2 4 7| o 1114 r6182X 
27 10|2833 i ы 24 7| 91113|1618203 
DM ___12900 2923120452967 |2989|2 4 6| 81:13 151719 
3010} 3032 | 3054 1307513056 | 3118} 31394 3160] 3181 320112 4 6| Siri3 15171 
322213243 | 3203 3324|3345|3365|3385|340412 4 6) 8 1» 12 14161 
342413444 | 3464 | 2 3522/3545} 3560] 3579) 350832 4 6) 81012|14 18 17 
3617 | 3636 |365 37111 272913747 | 3766| 37842 4 6| 7 o11|1315:7 
3802 3820 $58 3592|39091392713945|3962]2 4 5 7 911|12 1416 
39793997 | 4014 4055 | 4082 6 ala 
415014166 | 4183 1235 dac кр А, MEG 58 È : 319 i Tr 
4314 |4330|4346 314393|440914425|4440|4456]2 3 5| 9 8 ole: T 
4472 |4487 |4502 4548 /4564145790|45941460042 3 5| 6 3 o|11 12 14] 
4024 {239 Pe 4698 4713] 472b 474214752] 1 3 4| 6 7 9|:0:213 
4771[4786 | 4500 4343 | 48, 871 |4556 
4914 [4928 |4942 4933 4997 | sor ose sosla 3 ale 7 BEI 
5051 |5065 | 5079 51191513245145 515915172115 4| 5 7 8 pis 
$185] 5198 5211 5250| 526345276] 52891530213 4| 5 & 8 UE] 
531515328 T 5379|539115403|5416|s428]1 3 4! 5 6 8 dH 
544115453) 5465 02] 551 2 2 ls 
5563 | 5575 | 5587 оз Sse [эбет | БҮЗ HE 5 2) gn 
5082 | 5694 |5705 5740| 57521 5763| S775! e786] 12 3| $ & 4| 51011] 
$798) 5809 | 5821 5855 | 5306] 5877) 58855809] 1 2 3| в & 2| Š 910 
uj d E 315678 
5911 | 5922 |5033 5996 527715988, 5999 /001сі: 2 3 910 
6021|6031 |6042 6075 |6с3516096 |6107 |6117 457 8 оло) 
|6128 |6138 |6140 6180|6:9116201 |62:2 6225 qu 3125 61 8 910 
6232 |6243 |6253 6284|6z94l63o4|6214|6325$ 1 2 31456178 9 
6335|6345 [6355 6385163950405 Gars|Gaes|1 2 3| à 9 9| 7 8 9 
633516444 |6454 6285 |6193|6503|651316:2211 5 3 456755 
6532] 65421 6551 6580 6590/6. z 789 
Кү ЕЕ КЕ НЕН 
21682 7 6776167856704 |б8озіт = 778 
681216821 | 6830| 6830] 6: 4 | 6803) 1. 2 7 
69321691: 69:9 6928 os S857 800 6875 | 6884/6803! x 2 З 45 5| б7 8 
: 946 | 6955} 6964/6972 |6081|: 2 3| 4 4 5| 6 
LE 2 i 2 AERE ет 
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7404|7412|7419 
7482|7490 | 7497 
7559|7566|7574 
763417642 12649 

7709|7716|7723 


8451184 

8513 d 
857318579 
863318639 
8692 |8698 


8932 
3987 
9042 
9096 
9149 
9201, 
9253 
9204 
9355 
9405 
9455 
9504 
9552 
519620 
9647 
9694 
9741 
9786 
9332 © 
9577 
9921 
9565 
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8488| 8494|8c00 
8537 |8543 |8540|8555 Beer 
597 | 8603 8609 [S515 |8821 


947419479 
932319526 
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08 114811151 
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1321 
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1384 
16} 
j| 1429 
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1517 
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1589 
1626 
1663 
5| 1702 
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§| 1910 
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1035 
1057 | 1059 
IOSI | 1084 
1107| 1109 
1132] 1135 
iI59| 1161 
3f 1186| 7189 
i|1213| 1216 
1242| 1245 
I271| 1274 
1300] 1303 
1330| 1334 


1033 


1393| 1396 
1426| 1420 
1459| 1462 
1493|.1405 
1520/1531 
1563] 1567 
1596] 1600] 1603 
1033} 1637 | 1641 
1671 | 1675 | 1679 
1710| 1714 | 1718 
1750| 1754 | 1758 
179141795) 1799 
1832] 1837 | 1841 
1875] 1879] 1884 
1919} 1923] 1928 
1963} 1968] 1972 
2009} 2014 | 2018 
2056} 2061 | 2055 
210412109] 2113 
2153} 2158} 2163 
2203} 2208 | 2213 
225412259 |2255 
2307 |2312 |2317 
236012366 | 2371 
241512421 |2427 
247212477 | 2483 
252012535|2541 
25881 2504 | 2600 
264912655 [2661 
271012716|2725 
277312780|2786 


1361 | 1365 


962} 3069 
333] 3141 


1897 | 1901 
194! | 1945 
1926] 199: 
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2500 | 2506 
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2618 mE 
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325813266 | 3273 | 3281 3280 3296 | 3304 
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-0000 [0017 
0175 |0192 
:0349 [0366 
0523 {0541 
0698 |0715 
0872 |0889 
*1045 | 1063 
*1219 | 1236 
+1392 | 1409 
+1564 | 1582 
1736 | 1754 
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:2079 | 2096 
:2250 | 2267 
2419 | 2436 
-2588 | 2605 
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+2924 | 2940 
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7385 
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